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El trabajo, objeto de esta tesis es original, fruto de un proceso de maduración largo y 
extenso. En la introducción, la doctoranda demuestra un profundo conocimiento en torno al 
tema, lo que ha quedado demostrado en un artículo de investigación bibliométrico publicado en 
la revista International Journal of Environmental Research and Public Health,( JCR Q1) en 2020.  
Los objetivos de la investigación están correctamente formulados. 
La metodología que emplea es oportuna y coherente con los objetivos formulados y 
responden a las hipótesis de partida. Además, cumple los requisitos ético-legales exigibles 
(consentimiento informado, confidencialidad, normas de buena práctica, protección de datos). 
Los resultados están expuestos de una manera clara, detallada y meticulosa. En la 
discusión, la doctoranda hace una interpretación juiciosa y objetiva de los resultados y de su 
aplicabilidad práctica, comparándolos con los de otros trabajos previos y describiendo las 
limitaciones y fortalezas del estudio. 
Las conclusiones son acordes con los objetivos formulados. La bibliografía está 
actualizada y es suficientemente amplia. 
Los resultados derivados del estudio han sido presentados en eventos científicos de 
elevado nivel y publicado en la base de datos WOS y publicados en revistas de elevado índice de 
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Health workers are exposed to different biological pathogens, which implies a risk to their health 
and a cost to the system. In this population, the rate of work-related accidents and diseases is 
higher than desired (up to 3.2%).  Airborne pathogens and infectious diseases such as tuberculosis 
are highly contagious and can have serious effects on health workers. Symptoms of these diseases 
are slow to appear, which may prevent workers from realizing that they have been exposed until 
symptoms appear. Among these pathogens, tuberculosis (TB) remains one of the top ten 
preventable causes of death. The worrying thing is that about 10 million people have suffered 
from TB. 
Many factors can contribute to accidental exposure to a biological agent, although the main ones 
remain lack of experience, skills or knowledge in handling materials, and anxiety, fatigue and 
lack of care from oneself or other professionals. In the case of TB, lack of knowledge about 
transmission, appropriate preventive and biosecurity measures; and diagnosis of the disease 
appear to play an important role.  
Germany has a lower rate of infection and incidence of TB than Spain, which suppose a risk for 
health care workers. Also, the World Health Organization (WHO) has highlighted the importance 
of regularly reviewing national programmes, especially plans and policies based on monitoring, 
reporting and recommendations. Training plans have been designed and implemented to raise 
awareness of risk and prevention among health workers. More attractive environments for health 
training have been created to improve health workers' knowledge and skills, such as virtual 
environments in surgery. Technological tools have changed the way people interact in their 
environment since the 1980s. At the same time, occupational health and safety measures have 
been widely implemented. The European Agency for Safety and Health at Work sees information 
and communication technologies as the main methods for achieving the proposed objectives of 
improving working life and disseminating good practice.  
The objetctive from this dissertation were: 
-To determine the link between ICT, occupational safety and pathogens 
-To evaluate the preventive and occupational safety measures carried out in mycobacteriology 
laboratories in the European Union and other continents. 
-To estimate the degree of protection of health workers against risks related to exposure to 
biological agents at work. 
- To compare the preventive guides or protocols in Germany and Spain. 
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- To determine the efficacy of a educational approach based on tehcnology to quantify knowledge 
and prevention culture. 
- To design, implement and evaluate a Virtual Laboratory (VL) for the training of workers 
exposed to risks from biological agents. 
Material and Methods  
A bibliometric study was carried out to find out the trends in publications focused on new 
technologies and occupational safety in the health sector over the last 30 years, using the database 
Scopus. 
To respond to the second and third objectives, an observational, cross-sectional descriptive study 
was carried out on a sample of workers in Mycobacteria laboratories in the European Union, and 
others worldwide, using an original and specific questionnaire that evaluates preventive and 
safety measures at work.  
In response to the fourth objective, protocols for TB prevention in Spain and Germany were 
studied, analysing: case notification and follow-up, treatment of latent TB, chemoprophylaxis, 
methods of diagnosis and treatment of TB, as well as TB care programmes. 
Prospective observational educational research was carried out to quantify student knowledge 
and prevention culture. 
Finally, to obtain the Virtual Laboratory, a learning methodology on occupational health and 
safety was applied with a technological approach focused on health workers. The design and the 
diagram of the creation were based on: feedback, attractive experience, creative design and 
evaluation of the designed programme.   
Results 
A total of 1021 documents were located, showing an increasing trend by country, especially in 
the United States (p <0.001), and by year (p <0.001). Annual citations showed significant 
differences between articles published before 2007 (p < 0.001). The year was also linked to the 
variation in the publication of articles on ICT, occupational safety and health in the health sector 
(72.2%) and literature reviews (14.9%) (p <0.001). The most significant previous publication was 
a report (848 citations) indicating that the above variables linked to exposure are vital for 
prevention. Most of the papers were reviews (p= 0.009) with a limited number of studies on 
occupational safety. 
Occupational safety and health measures were found to be inadequate, according to the workers' 
opinion. Training (p <0.01), workload (p <0.05), and monitoring of protocols (p <0.001) were 
related to incidents and exposure to airborne pathogens.  
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Both Spain and Germany have committed to establish guidelines for the prevention of TB in order 
to achieve the goals proposed by the WHO at the global level. Both countries agree on case 
reporting, chemoprophylaxis and treatment of latent TB. And it is essential that TB control 
improves the level of knowledge of health care professionals and staff, but of course also of those 
affected by their environment. 
The results on the educational approach based on the development of a technological tool, its 
integration in the training of students and the subsequent evaluation, prior to the integration of 
the educational approach, showed differences between basic and proficient knowledge and 
correct procedure in each academic year (p <0.05), the best year being the third academic year. 
The average elementary knowledge among second year students after the inclusion of the 
educational methodology based on information and communication technologies (ICT) 
improved for the academic year 2017/2018 with an average of 7.5 (1.11) and in 2018/2019 with 
7.87 (1.34). This argued that the proposed educational approach could improve the culture and 
knowledge of prevention among students and future health professionals.  
The results showed that the prototype of the Virtual Laboratory was very well defined, but more 
profound modifications of the context and process were needed, especially to improve its 
attractiveness and usefulness (5/7). The current study continues to be developed and the future 
implications will be the integration and use among the end-user's group of health workers to 
determine the usefulness of the technological approach created. 
Conclusions 
There is a growing number of publications on ICT, occupational safety and health in the health 
sector, although it seems that the most significant development of ICT for this field is yet to come.   
The hygiene behaviour and measures of Spanish workers are still unsafe and poor compared to 
other European workers. Although in Spanish workers as well as in workers from other European 
countries, from North and South America, the risks arising from exposure to airborne pathogens 
may be related to the lack of training and continuing education. 
Also, to reduce the risk among workers, greater compliance with occupational safety and health 
standards, monitoring of preventive measures and more research focused on monitoring these 
measures are needed.  
Germany and Spain share common actions in education, the search for the best treatments by a 
multidisciplinary team. They also agree on the importance of training, avoiding work overload 
and the way in which workers follow the relevant protocols. 
The new teaching methodologies, based on ICTs as a mixed model, improve the culture and 
knowledge of prevention among students and future health professionals. And dinnaly, the 
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initial version of a Virtual Laboratory (VL) has been designed on a platform that includes 
different scenarios of exposure to biological agents, and aims to create a virtual online learning 
experience to improve knowledge of the risks of exposed workers, as well as the main measures 
for the control and prevention of pathogens. The evaluation of the platform showed that the users' 








Los trabajadores de la salud están expuestos a diferentes patógenos biológicos, lo que implica un 
riesgo para su salud y un costo para el sistema. En esta población, la tasa de accidentes y 
enfermedades relacionadas con el trabajo es más alta de lo deseado (hasta el 3,2%).  
Los patógenos de transmisión aérea y las enfermedades infecciosas como la tuberculosis, son muy 
contagiosos y pueden tener efectos graves para los trabajadores de la salud. Los síntomas de estas 
enfermedades tardan en manifestarse, lo que puede impedir que los trabajadores se den cuenta 
de que han estado expuestos hasta que aparecen los síntomas. 
La tuberculosis (TB) sigue siendo una de las diez principales causas de muerte prevenibles. El 
tema preocupante es que alrededor de 10 millones de personas sufrieron de TB. 
Muchos factores pueden contribuir a la exposición accidental a un agente biológico, aunque los 
principales siguen siendo la falta de experiencia, habilidades o conocimientos en el manejo de 
materiales, y la ansiedad, la fatiga y la falta de cuidado de uno mismo o de otros profesionales. 
En el caso de la tuberculosis, la falta de conocimientos sobre su transmisión, las medidas 
preventivas y de bioseguridad apropiadas; y el diagnóstico de la enfermedad parecen 
desempeñar un papel importante.  
Alemania tiene una tasa de infección y una incidencia de tuberculosis más baja que España. Esta 
prevalencia de la TB es un riesgo para los trabajadores de la salud. Basándose en la Organización 
Mundial de la Salud (OMS) que destacó la importancia de revisar periódicamente los programas 
nacionales, especialmente los planes y políticas basados en la supervisión, la presentación de 
informes y las recomendaciones, el presente estudio tuvo como objetivo determinar las 
diferencias de prevención de la TB entre los dos países europeos a través de los protocolos de 
prevención alemanes y españoles.  
Se han diseñado y puesto en práctica planes de formación para concienciar a los trabajadores 
sanitarios sobre el riesgo y la prevención. Se han creado entornos más atractivos para la formación 
en el ámbito de la salud con el fin de mejorar conocimientos y habilidades de los trabajadores 
sanitarios, como los entornos virtuales en cirugía.  
Las herramientas tecnológicas han cambiado la forma en que las personas interactúan en su 
entorno desde los años 80. Al mismo tiempo, las medidas de salud y seguridad en el trabajo se 
han aplicado ampliamente. La Agencia Europea para la Seguridad y la Salud en el Trabajo 
considera que las tecnologías de la información y la comunicación son los principales métodos 
para lograr los objetivos propuestos de mejorar la vida laboral y la difusión de buenas prácticas.  
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Los objetivos de esta tesis fueron: 
-Determinar el vínculo entre TIC, seguridad laboral y agentes patógenos. 
-Evaluar las medidas preventivas y de seguridad laboral que se llevan a cabo en los laboratorios 
de  micobacteriología de la Unión Europea y otros continentes. 
-Estimar el grado de protección del personal sanitario frente a los riesgos relacionados con la 
exposición a agentes biológicos en el trabajo. 
- Comparación de las guías o protocolos preventivos de Alemania y España. 
- Se llevó a cabo una investigación educativa observacional prospectiva enfocada a cuantificar el 
conocimiento de los estudiantes y la cultura de prevención. 
- Diseñar, implementar y evaluar un Laboratorio Virtual (LV) para la formación de los 
trabajadores expuestos a riesgos por agentes biológicos. 
Material y Métodos  
Se realizó un estudio bibliométrico para conocer las tendencias de las publicaciones enfocadas a 
las nuevas tecnologías y la seguridad ocupacional en el sector de la salud durante los últimos 30 
años. 
Para responder a los objetivos segundo y tercero, se realizó un estudio observacional, descriptivo 
transversal en una muestra de trabajadores de laboratorios de Micobacteras de la Unión Europea, 
y otros a nivel mundial, mediante un cuestionario original y específico que evalúa las medidas 
preventivas y de seguridad laboral  
Se estudiaron, como respuesta al cuarto objetivo, los protocolos sobre prevención de la 
tuberculosis en España y Alemania, analizando: notificación y seguimiento de casos, tratamiento 
de la tuberculosis latente, quimioprofilaxis, métodos de diagnóstico y tratamiento de la 
tuberculosis, así como programas de atención a la enfermedad. 
Se llevó a cabo una investigación educativa observacional prospectiva enfocada a cuantificar el 
conocimiento de los estudiantes y la cultura de prevención. 
Por último, para obtener el Laboratorio Virtual se aplicó una metodología de aprendizaje sobre 
salud y seguridad ocupacional cuyo enfoque tecnológico se centró en los trabajadores sanitarios. 
El diseño y el diagrama de la creación se basaron en: retroalimentación, experiencia atractiva, 
diseño creativo y evaluación del programa diseñado.   
Resultados 
Se localizaron 1021 documentos que mostraron una tendencia creciente por país, especialmente 
en Estados Unidos (p <0,001), y por año (p <0,001). Las citas anuales mostraron diferencias 
significativas entre los artículos publicados antes de 2007 (p < 0,001). El año también estuvo 
vinculado a la variación en la publicación de artículos sobre TIC, la seguridad y la salud 
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ocupacional en el sector sanitario (72,2%) y reseñas bibliográficas (14,9%) (p <0,001). La 
publicación previa más significativa fue un informe (848 citas) que indica que las variables 
anteriores vinculadas a la exposición son vitales para la prevención. La mayoría de los trabajos 
fueron revisiones (p= 0,009) con un número limitado de estudios sobre seguridad laboral. 
Las medidas de seguridad y salud en el trabajo resultaron inadecuadas, según la opinión de los 
trabajadores. La formación (p <0,01), la carga de trabajo (p <0,05), y el seguimiento de los 
protocolos (p <0,001) se relacionaron con incidentes y exposición a patógenos en el aire.  
Tanto España como Alemania se han comprometido a establecer directrices para la prevención 
de la tuberculosis a fin de alcanzar los objetivos propuestos por la OMS a nivel mundial. Ambos 
países están de acuerdo en la notificación de casos, la quimioprofilaxis y el tratamiento de la 
tuberculosis latente. Y es esencial que el control de la tuberculosis mejore el nivel de 
conocimientos de los profesionales y el personal de atención de la salud, pero, por supuesto, 
también de los afectados por su entorno. 
Los resultados sobre el enfoque educativo basado en el desarrollo de una herramienta 
tecnológica, su integración en la formación de los estudiantes y la evaluación posterior, previo a 
la integración del enfoque educativo, mostraron diferencias entre el conocimiento elemental y 
proficiente, y el correcto procedimiento en cada año académico (p <0.05), siendo el mejor año el 
tercer año académico. La media de conocimientos elementales entre los estudiantes de segundo 
año tras la inclusión de la metodología educativa basada en las tecnologías de la información y 
de la comunicación (TIC) mejoró para el curso 2017/2018 con una media de 7,5 (1,11) y en el 
2018/2019 con 7,87 (1,34). Lo que argumentó que el enfoque educativo propuesto podría mejorar 
la cultura y el conocimiento de la prevención entre los estudiantes y futuros profesionales de la 
salud.  
Los resultados mostraron que el prototipo del Laboratorio Virtual estaba muy definido, pero se 
necesitaban modificaciones más profundas del contexto y el proceso, especialmente para mejorar 
el atractivo y la utilidad (5/7). El estudio actual continúa desarrollándose y las implicaciones 
futuras serán la integración y el uso entre el grupo de trabajadores sanitarios del usuario final 
para determinar la utilidad del enfoque tecnológico creado. 
 
Conclusiones 
Existe un número creciente de publicaciones sobre las TIC, la seguridad y la salud ocupacional 
en el sector sanitario, aunque parece que el desarrollo más significativo de las TIC para este 
campo está aún por venir.   
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Los comportamientos y las medidas higiénicas de los trabajadores españoles siguen siendo 
inseguros y pobres en comparación con los de otros trabajadores europeos. Aunque tanto en los 
trabajadores españoles como en los de otros países europeos, de América del Norte y América 
del Sur, los riesgos derivados de la exposición a los patógenos transmitidos por el aire pueden 
estar relacionados con la falta de formación y educación continua. 
Para reducir el riesgo entre los trabajadores, es necesario un mayor cumplimiento de las normas 
de seguridad y salud en el trabajo, la vigilancia de las medidas preventivas y la realización de 
más investigaciones centradas en la supervisión de dichas medidas.  
Alemania y España comparten acciones comunes en la educación del paciente, la búsqueda de 
los mejores tratamientos y el cuidado de los pacientes y sus familias por un equipo 
multidisciplinar. También coinciden en la importancia de la formación, evitar sobrecarga de 
trabajo y la forma en que los trabajadores siguieron los protocolos pertinentes. 
Las nuevas metodologías de enseñanza, basadas en las TIC como modelo mixto, mejoran la 
cultura y el conocimiento de la prevención entre los estudiantes y los futuros profesionales de la 
salud. 
Se ha diseñado la versión inicial de un Laboratorio Virtual (LV) en una plataforma que incluye 
diferentes escenarios de exposición a agentes biológicos, y tiene el propósito de crear una 
experiencia virtual de aprendizaje en línea para mejorar el conocimiento de los riesgos de los 
trabajadores expuestos, así como las principales medidas de control y prevención de los 
patógenos. La evaluación de la plataforma mostró que la opinión de los usuarios sobre la 


















Mitarbeiter im Gesundheitswesen sind verschiedenen biologischen Krankheitserregern 
ausgesetzt, was ein Risiko für ihre Gesundheit und Kosten für das System darstellt. In dieser 
Bevölkerung ist die Rate der arbeitsbedingten Unfälle und Krankheiten höher als gewünscht (bis 
zu 3,2 %).  
Über die Luft übertragene Krankheitserreger und Infektionskrankheiten wie Tuberkulose sind 
hoch ansteckend und können schwerwiegende Auswirkungen auf das Gesundheitspersonal 
haben. Die Symptome dieser Krankheiten manifestieren sich nur langsam, was dazu führen kann, 
dass Arbeiter nicht erkennen, dass sie exponiert waren, bis Symptome auftreten. 
Tuberkulose (TB) gehört nach wie vor zu den zehn häufigsten vermeidbaren Todesursachen. Das 
Besorgniserregende ist, dass etwa 10 Millionen Menschen an TB erkrankt sind. 
Viele Faktoren können zu einer versehentlichen Exposition gegenüber einem biologischen 
Arbeitsstoff beitragen, obwohl die wichtigsten nach wie vor mangelnde Erfahrung, Fähigkeiten 
oder Kenntnisse im Umgang mit Materialien sowie Angst, Müdigkeit und mangelnde Sorgfalt 
von einem selbst oder anderen Fachleuten sind. Im Falle der Tuberkulose scheinen mangelnde 
Kenntnisse über die Übertragung, geeignete Präventions- und Biosicherheitsmaßnahmen und die 
Diagnose der Krankheit eine wichtige Rolle zu spielen.  
Deutschland hat eine niedrigere Infektionsrate und Inzidenz von TB als Spanien. Diese Prävalenz 
von TB ist ein Risiko für Mitarbeiter des Gesundheitswesens. Basierend auf der 
Weltgesundheitsorganisation (WHO), die die Wichtigkeit der regelmäßigen Überprüfung 
nationaler Programme, insbesondere von Plänen und Richtlinien auf der Grundlage von 
Überwachung, Berichterstattung und Empfehlungen hervorhob, zielte diese Studie darauf ab, die 
Unterschiede in der TB-Prävention zwischen den beiden europäischen Ländern anhand der 
deutschen und spanischen Präventionsprotokolle zu ermitteln.  
Es wurden Schulungspläne entworfen und umgesetzt, um das Risiko- und 
Präventionsbewusstsein des Gesundheitspersonals zu schärfen. Es wurden attraktivere 
Umgebungen für die Ausbildung im Gesundheitsbereich geschaffen, um die Kenntnisse und 
Fähigkeiten des medizinischen Personals zu verbessern, wie z. B. virtuelle Umgebungen in der 
Chirurgie.  
Technologische Hilfsmittel haben die Art und Weise, wie Menschen in ihrer Umgebung 
interagieren, seit den 1980er Jahren verändert. Gleichzeitig wurden Maßnahmen zur Gesundheit 
und Sicherheit am Arbeitsplatz weitgehend umgesetzt. Die Europäische Agentur für Sicherheit 
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und Gesundheitsschutz am Arbeitsplatz ist der Ansicht, dass die Informations- und 
Kommunikationstechnologien die wichtigsten Methoden sind, um die vorgeschlagenen Ziele der 
Verbesserung des Arbeitslebens und der Verbreitung bewährter Verfahren zu erreichen.  
 
Ziele 
-Bestimmung des Zusammenhangs zwischen IKT, Arbeitssicherheit und Krankheitserregern 
-Evaluierung der Präventiv- und Arbeitssicherheitsmaßnahmen, die in mykobakteriologischen 
Laboratorien in der Europäischen Union und anderen Kontinenten durchgeführt werden. 
-Bewertung des Schutzes des Gesundheitspersonals vor Risiken im Zusammenhang mit der 
Exposition gegenüber biologischen Arbeitsstoffen bei der Arbeit 
- Vergleich von Präventionsleitlinien oder -protokollen in Deutschland und Spanien. 
- Es wurde eine prospektive, beobachtende Bildungsforschung durchgeführt, die sich auf die 
Quantifizierung des Wissens und der Präventionskultur der Schüler konzentrierte. 
- Entwurf, Implementierung und Evaluierung eines Virtuellen Labors (VL) für die Schulung von 
Arbeitern, die Risiken durch biologische Arbeitsstoffe ausgesetzt sind. 
 
 
Material und Methoden 
In einer bibliometrischen Studie wurde untersucht, wie sich die Publikationen zum Thema Neue 
Technologien und Arbeitsschutz im Gesundheitswesen in den letzten 30 Jahren entwickelt haben. 
Um dem zweiten und dritten Ziel gerecht zu werden, wurde eine deskriptive Beobachtungs- und 
Querschnittsstudie an einer Stichprobe von Arbeitern aus Mykobakterien-Laboratorien in der 
Europäischen Union und anderen weltweit durchgeführt, wobei ein origineller und spezifischer 
Fragebogen verwendet wurde, der Präventions- und Arbeitsschutzmaßnahmen bewertet  
Als Antwort auf das vierte Ziel wurden die Protokolle zur Prävention von Tuberkulose in 
Spanien und Deutschland untersucht, wobei Folgendes analysiert wurde: Fallmeldung und 
Nachsorge, Behandlung der latenten Tuberkulose, Chemoprophylaxe, Methoden der Diagnose 
und Behandlung von Tuberkulose sowie Pflegeprogramme für die Krankheit. 
Es wurde eine prospektive, beobachtende Bildungsforschung durchgeführt, die sich auf die 
Quantifizierung von Schülerwissen und Präventionskultur konzentrierte. 
Um das virtuelle Labor zu erhalten, wurde schließlich eine Lernmethodik zum Thema 
Gesundheit und Sicherheit am Arbeitsplatz mit einem technologischen Ansatz angewandt, der 
sich auf Mitarbeiter im Gesundheitswesen konzentriert. Der Entwurf und das Diagramm der 
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Erstellung basierten auf: Feedback, attraktiven Erfahrungen, kreativem Design und der 
Bewertung des entwickelten Programms.   
 
Ergebnisse 
Insgesamt wurden 1021 Dokumente gefunden, die einen zunehmenden Trend nach Land, 
insbesondere in den Vereinigten Staaten (p <0,001), und nach Jahr (p <0,001) zeigen. Jährliche 
Zitationen zeigten signifikante Unterschiede zwischen Artikeln, die vor 2007 veröffentlicht 
wurden (p < 0,001). Das Jahr war auch mit der Variation bei der Veröffentlichung von Artikeln 
über IKT, Arbeitssicherheit und Gesundheitsschutz im Gesundheitswesen (72,2 %) und 
Literaturübersichten (14,9 %) verbunden (p <0,001). Die wichtigste frühere Veröffentlichung war 
ein Bericht (848 Zitate), der darauf hinwies, dass die früheren Variablen, die mit der Exposition 
zusammenhängen, für die Prävention entscheidend sind. Die meisten Arbeiten waren Reviews 
(p= 0,009) mit einer begrenzten Anzahl von Studien zur Arbeitssicherheit. 
Die Maßnahmen zur Arbeitssicherheit und zum Gesundheitsschutz wurden nach Meinung der 
Arbeiter als unzureichend empfunden. Schulung (p <0,01), Arbeitsbelastung (p <0,05) und 
Nachverfolgung von Protokollen (p <0,001) standen im Zusammenhang mit Zwischenfällen und 
der Exposition gegenüber luftgetragenen Krankheitserregern.  
Sowohl Spanien als auch Deutschland setzen sich für die Erstellung von Richtlinien zur 
Tuberkuloseprävention ein, um die von der WHO vorgeschlagenen Ziele auf globaler Ebene zu 
erreichen. Beide Länder sind sich einig über Fallmeldungen, Chemoprophylaxe und Behandlung 
der latenten Tuberkulose. Und es ist wichtig, dass die Tuberkulosebekämpfung den 
Wissensstand des Gesundheitspersonals und der Mitarbeiter, aber natürlich auch der Betroffenen 
in ihrem Umfeld verbessert. 
Die Ergebnisse zum pädagogischen Ansatz, der auf der Entwicklung eines technologischen 
Werkzeugs, seiner Integration in die Ausbildung der Studenten und der anschließenden 
Bewertung basiert, zeigten Unterschiede zwischen elementaren und geübten Kenntnissen und 
korrektem Vorgehen in jedem Studienjahr (p <0,05), wobei das beste Jahr das dritte Studienjahr 
war. Die durchschnittlichen Elementarkenntnisse der Schüler des zweiten Studienjahres 
verbesserten sich nach der Einbeziehung der auf Informations- und 
Kommunikationstechnologien (IKT) basierenden Unterrichtsmethode im Studienjahr 2017/2018 
mit einem Durchschnitt von 7,5 (1,11) und im Studienjahr 2018/2019 mit 7,87 (1,34). Dies spricht 
dafür, dass der vorgeschlagene pädagogische Ansatz die Kultur und das Wissen über Prävention 
bei Studenten und zukünftigen Gesundheitsfachkräften verbessern könnte.  
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Die Ergebnisse zeigten, dass der Prototyp des Virtuellen Labors sehr gut definiert war, aber 
tiefgreifendere Modifikationen des Kontexts und des Prozesses notwendig waren, insbesondere 
um die Attraktivität und Nützlichkeit zu verbessern (5/7). Die aktuelle Studie entwickelt sich 
weiter und die zukünftigen Implikationen werden die Integration und der Einsatz in der Gruppe 
der Endanwender im Gesundheitswesen sein, um die Nützlichkeit des geschaffenen 
technologischen Ansatzes zu bestimmen. 
 
Schlussfolgerungen 
Es gibt eine wachsende Zahl von Veröffentlichungen über IKT, Arbeitssicherheit und 
Gesundheitsschutz im Gesundheitssektor, obwohl es scheint, dass die bedeutendste Entwicklung 
der IKT für diesen Bereich noch bevorsteht.   
Das Hygieneverhalten und die Hygienemaßnahmen der spanischen Arbeiter sind im Vergleich 
zu anderen europäischen Arbeitern immer noch unsicher und schlecht. Obwohl sowohl bei 
spanischen als auch bei anderen europäischen Arbeitnehmern in Nord- und Südamerika die 
Risiken, die sich aus der Exposition gegenüber luftgetragenen Krankheitserregern ergeben, 
möglicherweise mit der mangelnden Aus- und Weiterbildung zusammenhängen. 
Um das Risiko unter den Arbeitnehmern zu verringern, sind eine stärkere Einhaltung der 
Normen für Sicherheit und Gesundheitsschutz bei der Arbeit, die Überwachung von 
Präventivmaßnahmen und mehr Forschung, die sich auf die Überwachung dieser Maßnahmen 
konzentriert, erforderlich.  
Deutschland und Spanien haben gemeinsame Aktionen in der Patientenaufklärung, der Suche 
nach den besten Behandlungsmethoden und der Betreuung von Patienten und ihren Familien 
durch ein multidisziplinäres Team. Sie sind sich auch einig über die Bedeutung von Schulungen, 
die Vermeidung von Arbeitsüberlastung und die Art und Weise, wie die Arbeiter die 
entsprechenden Protokolle befolgten. 
Die neuen Lehrmethoden, die auf IKT als gemischtes Modell basieren, verbessern die Kultur und 
das Wissen über Prävention bei Studenten und zukünftigen Gesundheitsfachkräften. 
Die erste Version eines Virtuellen Labors (VL) wurde auf einer Plattform entwickelt, die 
verschiedene Szenarien der Exposition gegenüber biologischen Arbeitsstoffen enthält und darauf 
abzielt, eine virtuelle Online-Lernerfahrung zu schaffen, um das Wissen über die Risiken der 
exponierten Arbeitnehmer sowie die wichtigsten Maßnahmen zur Kontrolle und Prävention von 
Krankheitserregern zu verbessern. Die Evaluierung der Plattform hat gezeigt, dass die Meinung 
der Benutzer über die Einbeziehung dieses technologiebasierten Bildungsansatzes 
zufriedenstellend ist. 
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Chapter I. Introduction, objectives and 





Chapter I. Introduction, objectives and structure of the thesis 
I.1. Introduction 
I.2. Tuberculosis and other airborne pathogens 
 
The importance of air as a vector for infections is often overestimated, sine only a few diseases 
such as open pulmonary tuberculosis, aspergillosis, measles, chickenpox and herpes zoster are 
classified as aerogenically transmissible[1,2]. The two different transmission mechanisms, the 
droplet infection and airborne infection are often confused. In fat, the droplet nuclei are residuals 
of small droplets that are released into the air by sneezing, coughing or speaking. Smallest 
droplets are able to float in the air for a long time. While they only sediment slowly, the outer 
water shell can evaporate (aerosol formation)[3,4].The issue with these pathogens is that the main 
of entrance is the airway, which allows a fast spread and the symptoms take time to manifest in 
the individual infected [2,5]. 
Among the airborne pathogens with high risk of contagious and chronic capacity highlight 
Tuberculosis (TB)[6]. Tuberculosis is a bacteria pulmonary infection caused by the Mycobacterium 
tuberculosis, which can be in a latent state and can take decades to be manifested. In fact, the 
tuberculosis is one of the main cause of death from an infectious disease, lacking in most case any 
symptomatology which is known as latent tuberculosis (LTB) [7,8].The pathogen is  almost 
exclusively transmitted from person to person by tiny droplets containing, which after infecting 
the pulmonary tissue can hematogenous spread to the rest of the systems, such as central nervous 
systems, compromising the immunity of the individual affected by the bacteria[6,9]. The infection 
involves the presence of latent bacilli in the pulmonary parenchyma of the recipient, so that those 
infected without disease remain asymptomatic, presenting as the only evidence a positive 
tuberculinic reaction (PPD+)[3,5]. This reaction translates into the existence of a cell-mediated 
immune response, which is established between 2 and 12 weeks after infection, and that in 85-
90% of those infected, it manages to contain multiplication of the bacillus and the development 
of the disease[10]. 
This disease is globally presented, although the region with higher prevalence are Asia and 
Africa, where from 60% to 90% of the population suffer from TB or LTB. In addition, these regions 
have more risk factors, such as silica dust or cigarette smoke, which increase the possibility of 
developing the disease. For example, only in China alone it is estimated that there are 320 millions 
of smokers and with one of the worst air pollution, the risk of developing TB is higher by 
approximately three percent [9]. In this sense, it is estimated that up to 1.2 million people died in 
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2018, which represents a number of deaths higher than desired. Despite the mobility, the rate of 
comorbidity continues in decrease in the world, but in high-income countries the rate is more 
fluctuant since the migratory flows, the screening capacity or the vaccination[11–13].   
Among the individuals with higher risk of exposure to airborne pathogens, such as Covid-19, and 
tuberculosis, healthcare workers highlight as a group with high prevalence, constant and training 
to prevent exposure[14–16]. Healthcare workers are at risk to be infected by many different 
biological pathogens, which include the human immunodeficiency virus (HIV), the hepatitis B 
virus, tuberculosis and the latest the sars-covid-2 and later disease Covid-19[2,17,18]. In this 
population, the rate of work-related accidents and illnesses is around 3.2 per cent, being this rate 
is variable and dependant of a on a number of factors, such as continues training, the personal 
protective equipment, the actions taken by the worker and the effectiveness of the preventive 
interventions[19–21]. Airborne pathogens and mild infectious illnesses like tuberculosis are 
extremely contagious and can cause severe impacts on healthcare workers [22]. The symptoms of 
these diseases take time to appear, which can prevent workers from noticing that they have been 
exposed until symptoms are evident [5,23]. In fact, the World Health organization (WHO) stated 
prior to the pandemic the great risk of the airborne pathogens for populations and healthcare 
systems, based on the capacity of spread, promoting the training and the reinforming of the 
structure[24].  
In the case of tuberculosis, the public concern is based on the prevalence of the general population 
and health workers suffering from the disease[25]. A WHO report estimated in 2015 that up to 
two billion people worldwide suffer from a latent state of tuberculosis [26], which remains 
worryingly prevalent in low-risk countries such as Italy [27,28]. In Italy, 2.1% of health workers 
were diagnosed with latent TB infections in 2015 [25]. Similar results were found in a previous 
systematic review which detailed that 2.9% of health workers in low incidence countries had 
latent TB [29]. 
Many factors can contribute to accidental exposure to TB or other biological agents, although the 
main factors remain lack of experience, skills or knowledge in handling materials, and anxiety, 
fatigue and lack of care for oneself or other professionals[8,30]. An example would the burnout, 
which is a risk factor for developing mental and physical disorders, but also increase the 
probability of having a contact with an object contaminated [31]. In the case of TB, lack of 
knowledge about transmission, relevant preventive and biosecurity measures and diagnosis of 
the disease appear to play an important role [32]. In addition, the current situation with the new 
pandemic has highlighted the lack of professional and personal protective equipment (PPE) and 
adequate training in hospitals, which could have a major impact on the prevention of airborne 
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pathogens [33]. In addition, recent studies have highlighted the need to develop guidelines and 
training programmes for university students and health professionals, especially for tuberculosis 
and other airborne pathogens [34]. In this regard, several studies have highlighted the importance 
of ensuring that health workers receive training and have control measures in place, although 
these activities are difficult to implement [35,36]. 
 
I.3. Safety culture and safety  
 
Safety culture is a term originated in 1988 and initially applied to the other sciences, rapidly 
switched to the health field, turning into a concept around the patient care and organizational 
structure [37,38]. This term can be defined as the product of the combination of an individual or 
group values, attitudes, competencies and patterns of behaviour that determine the structure, 
actions or organization of the system[39]. Most articles have focused on structural improvements 
to prevent accidents, like falls, but the measures taken to decrease the exposure to biological 
agents sometimes forget the workers opinion, knowledge, training or their participation as end 
users[40,41].  
In the healthcare systems, safety culture focused more on the organization or the patient for 
treatment and follow-up, the workers are often forgotten [39,42]. In the case of the organization, 
measures have been taken  methods to manage  hazardous situations and risks [42,43]. Safety 
culture in the healthcare system can be defined as the shared values among healthcare workers 
depending on the relevance given by these groups and has a main function for health and safety 
measures in different areas of work [42]. An example of this is the hygiene and hand washing 
which is a main asset in the patient care and prevention of complications for workers and patients, 
but that continues to have some resistance depending on the importance given by the 
workers[44,45]. This perception plays a key role to prevent accidents, for instance, a study carried 
out in Canada showed that nurses and other practitioners indicated poor opinion regarding 
safety climate, especially the lack of PPE [41]. This study showed that the opinion, integration 
and training of healthcare workers counite to be deficient. In the case of training and education, 
both initial and continuing training of their health care personnel needs improvement, including 
their point of view, adapting to the needs of the workers and the changes of the environment, all 
of it to prevent biological accidents and exposure to pathogens [46]. Despite changes and 
inclusion of initial and continuing training over more than two decades, the level of information 
and fulfilment with universal precautionary procedures remains inadequate [44,45]. Therefore, 
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there is a need to improve the training and precautions via increasing the safety culture among 
healthcare workers[38]. 
 
I.4. Occupational safety and health among healthcare workers 
 
After the industrial revolution, the first efforts to control environmental factors such as 
production appeared. This period conformed the concept known now as Occupational Safety and 
Health (OSH). Although the first time that biological agents were first identified and defined was 
in 18th century and since then different countries have developed methods to prevent and control 
outbreaks. It was in England, during the industrial revolution, that the first measures were taken 
to control the outbreaks from TB, cholera and other diseases [47]. Later on, other countries began 
to develop methods to control pathogens among their populations, such as Spain, which from the 
beginning of the 20th century attempted to control the Spanish flu[48]. However, it was only 
when the World Health Organization (WHO) highlighted the need for a range of pathogen 
control measures to ensure the health of the working population in 1985 that these methods were 
included and applied in workplaces[49,50].  
OSH has been defined by the WHO as the field focused on the complete physical, mental and 
social well-being of the workers, allowing an individual performance correctly their role or 
occupancy, preventing any harm for their health or reducing such harm[51,52]. It aligns with the 
promotion of health and safety at work, which is concerned with preventing harm from hazards 
in the workplace, employees and employers in the health service  have to take further measures 
to reduce the risk in the environment[28]. These employees have an increased risk of infection 
due to their activities[53], since these workers affected by an infectious disease, an infection can 
have serious and sometimes fatal consequences [40,47]. The few, but sometimes severe, courses 
of disease in infections with multi-resistant pathogens indicate that more attention must be paid 
to the occupational risk of infection by these pathogens[55]. Among the pathogens that are multi-
resistant, the multi-resistant tuberculosis has more side effects based on the time, chronicity and 
reduced of the treatment [55,56]. In this sese, half a million multidrug-resistant tuberculosis cases 
were estimated around the world, being extensively drug-resistant tuberculosis, which defined 
resistant to second-line drug, is now prevalent in over 45 countries. However, due to a lack of 
laboratory capacities and/or insufficient data collection, the correct assessment of the situation is 
difficult[21,29,57] . The problem is primarily a consequence of treatment errors, the causes of 
which are manifold but theoretically avoidable, but because of the weaknesses or the lack of 
diagnostic and therapeutic options, many countries the situation has been overcomplicated[58]. 
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Only rapid and internationally concerted action combined with increased research efforts as well 
as support to affected countries will save from a situation that can no longer be managed even 
with 21st century resources[59]. But on the positive side, staff from the healthcare system only 
have an increased risk of tuberculosis in certain situations, which can be reduced by observing 
hygiene measure[60]. Nevertheless, several studies have highlight that the technicians or workers 
in direct contact with Mycobacterium Tuberculosis in the laboratories or the nurses in direct contact 
with infected patients have higher prevalence of LTB and higher risk than other healthcare 
workers[61,62]. In the case of the workers of the laboratories, whether integrated or not in 
hospital, there is a lack of studies regarding the knowledge, measures taken by workers, training 
and preventing measures[63].Therefore, regular screening examinations for tuberculosis by the 
healthcare workers and the conditions of the working environment must be provided for all 
employees in special areas of activity[64,65]. 
 
I.5. New communication and information technology 
Since the 1980s, technological tools have changed the way people interact with their environment 
[66]. In fact, information and communication technologies (ICTs), which include digital and 
analogue substructures, the gears and devices; enable workers and institutions the trade  of data 
and analysis almost in real time[67]. These technologies had as breaking point the 1990s, which 
coincide with the incorporation of the Internet and the establishment of the digital age, which 
resulted in the incorporation of the ICT in organizations and systems [68]. Simultaneously, OSH 
measures have been included the integration of the ICTs in working environment and health of 
the workers, mainly because of the recommendations made by WHO in recent years [69,70]. 
Many countries around the world, like United States (US) or United Kingdom (UK), in various 
structures around from industries to health care systems for workers and consumers, have 
included, integrated or developed guidelines and protocols using as central pillar the ICTs[71]. 
This rapid growth and insertion of ICTs has been greeted as an unprecedented chance to address 
growing concerns, especially in the area of health and in prevention [66].  
In this sense, the European Agency for Safety and Health at Work considers that information and 
communication technologies are the main methods to achieve the goals proposed to improve 
working life and the dissemination of good practices[72]. And workers shall be informed of any 
health and safety measures taken and shall receive sufficient and appropriate training and 
accurate information based on all available data. In this way, awareness raising and staff training 
on risk groups, sources of infection and protective measures are important tools in the fight 
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against Tuberculosis. In fact, an example in the field of preventing TB has been made by the WHO, 
which created a web-based platform to control and prevent the spread of TB[73].  
 Objectives  
This international dissertation, which was framed in a funding project and recived a grant to carry 
out an international research stay, had as main objective the examination of the relationship 
between the exposure to tuberculosis, the condition of the healthcare workers and the integration 
or use of ICTs (O1, O2, O3, O5, O6). And other objectives in a secondary level was to measure the 
ventilation of laboratories as preventive method (O4). Finally, the last objective was to determine 
the difference regarding prevention among countries in the European Union (O7) These 
objectives and hypothesis have been achieved and tested in chapters of this thesis and being 
chapter II, III and V published articles in Open Access and subscribed access.  
  O1: Determination of the link between ICTs, occupational safety and pathogens. 
O2: Analysis of the workers in mycobacteriology laboratories in the European Union and 
other areas complaince with the regulations on safety and health at work. 
O3: Estimation of the protective grade in healthcare staff against the risks related to 
exposure to biological agents at work. 
O4: Measurement of the ventilation necessary for certain exposures in spaces such as 
laboratories, primary care clinics or emergency centers. 
O5: Evaluation, design and implementation of a Virtual Laboratory (VL) for the training 
of workers know that are exposed to risks. 
O6: Preparation of safety data sheets for Mycobacteria that provide useful information to 
personnel working with these agents. 
O7: Comparison of the guidelines or preventive protocols from Germany and Spain. 
Most of the objectives have been accomplished in this dissertation (O1, O2, O3 and O5), although 
the O4 could not be included due to the pandemic of Covid-19. The O5 and O6 have been partially 
achieved in Chapertes V and VI., since the Virtual Laboratory (VL) is currently been developed, 
Nevertheless, many of the sheets regarding safety are available in the oficial Ministeries of Spain 
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and Germany. The objectives achieved have been tested in chapters II, III, IV, V and VI, and have 
been published in open access journals: 
Chapter II:  Vaquero-Álvarez E, Cubero-Atienza A, Ruiz-Martínez P, Vaquero-Abellán M, Redel 
Macías MD, Aparicio-Martínez P. Bibliometric Study of Technology and Occupational Health in 
Healthcare Sector: A Worldwide Trend to the Future. Int. J. Environ. Res. Public Health 2020, 17, 
6732; doi:10.3390/ijerph17186732. IF=2.849 (2019) (32/170 categoría Public Environmental & 
Occupational Health) Q1 (O1) 
Chapter III: Vaquero-Álvarez E, Cubero-Atienza A,  Ruiz-Martínez P, Vaquero-Abellán M, Redel 
Macías MD, Aparicio-Martínez P. Tuberculosis and Other Airborne Microbes in Occupational 
Health and Safety. Int. J. Environ. Res. Public Health 2020, 17, 7088; doi:10.3390/ijerph17197088. 
IF=2.849 (2019) (32/170 categoría Public Environmental & Occupational Health) Q1 (O2 and O3) 
Chapter V: Vaquero-Álvarez E, Cubero-Atienza A,  Martínez-Jiménez P, Vaquero-Abellán M, 
Redel Macías MD, Aparicio-Martínez P. Occupational Safety and Health Training for 
Undergraduates Nursing Students: A Spanish Pilot. Int. J. Environ. Res. Public Health 2020, 17, 
8381; doi:10.3390/ IF=2.849 (2019) (32/170 categoría Public Environmental & Occupational Health) 
Q1 (partially O5) 
I.2. Structure  
This thesis consists of six chapters, three of which are articles published in indexed journals: 
Chapter II III and V International Journal of Environmental Research and Public Health, Chapters IV 
and VI are under revision.   
The thesi is structured as follows:  
• Chapter I: Introduction, objectives, and structure of the thesis.  
• Chapter II: Bibliometric Study of Technology and Occupational Health in Healthcare 
Sector: A Worldwide Trend to the Future 
• Chapter III: Tuberculosis and Other Airborne Microbes in Occupational Health and 
Safety 
• Chapter IV: Preventing tuberculosis among populations and healthcare workers in 
Spain and Germany: a comparison of protocols 
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• Chapter V: Occupational Safety and Health Training for Undergraduates Nursing 
Students: A Spanish Pilot 
• Chapter VI: Training healthcare workers using an educational technological approach: 
A preliminary study 
• Chapter VII: Conclusions and future research 
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Abstract: Since the eighties, technological tools have modified how people interact in their 
environment. At the same time, occupational safety and health measures have been widely applied. 
The European Agency for Safety and Health at Work considers that information and communication 
technologies are the main methods to achieve the goals proposed to improve working life and the 
dissemination of good practices. The principal objective was to determine the trends of publications 
focused on these technologies and occupational safety in the healthcare sector during the last 30 
years. A bibliometric study was carried out. The 1021 documents showed an increased trend per 
country, especially for the United States (p < 0.001) and year (p < 0.001). The citations per year showed 
significant differences between citations of articles published before 2007 (p < 0.001). The year was 
also linked to the increase or decrease of articles (72.2%) and reviews (14.9%) (p < 0.001). The analysis 
of journal co-citations also showed that the main journals (such as Infection Control and Hospital 
Epidemiology) were linked to other important journals and had a major part in the clusters formed. 
All these findings were discussed in the manuscript and conclusions were drawn. 
Keywords: healthcare workers; ICTs; occupational health; scientometric analysis 
II.1. Introduction 
Since the eighties, technological tools have modified how people interact with their environment 
[1]. At the same time, occupational safety and health (OSH) measures were widely applied due to the 
recommendation of the World Health Organization (WHO) regarding the health and working 
environment [2]. Both changes facilitated the inclusion of information and communication 
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technologies (ICTs) in the working environment [3]. Numerous countries, such as the United States 
(US) or the United Kingdom (UK), included information and communication technologies (ICTs) in 
several structures from industries to healthcare systems for workers and consumers [4–6]. 
Following the technological growth in the last decade, multiple ICTs, digital and analog 
substructure, gears, and widgets [7] have been created to improve the health of the populations and 
control risks in the environment [8,9]. In this sense, one of the main points for creating ICTs has been 
the development of different structures to improve the accessibility and sharing of information [9–
11]. Among these new technologies, smartphones, computers, or tablets have become the favorite 
tools to access or exchange information[12–14]. This preference is based on their ubiquitous, easy-to-
use nature and fast features [15]. Nevertheless, the use of ICTs in the workplace could be described 
as both favorable and unfavorable. Positively, when robotics and other technological advances are 
effectively used, hazards can be reduced, and training can improve [16]. However, when these 
technologies are misused, these tools can introduce new dangers and impact the psychosocial health 
of workers [17,18]. In this sense, several studies have analyzed the influence of ICTs on workers’ 
health, highlighting mental stress or burnout syndrome, muscular problems and audio-visual 
alterations, and even addiction [19,20]. Nevertheless, the impact that technology has in any area is 
partially determined by the creator’s desire or intention, and the impact of ICT depends on the user’s 
profile and reason for utilizing such technology[21]. 
Despite the negative effect, European organizations, especially the European Agency for Safety 
and Health at Work, consider that ICTs are the primary method to achieve the goals proposed to 
improve working life and disseminate good practices [16]. Nevertheless, the different analyses 
indicated that the ICTs were not entirely integrated into occupational health and that depending on 
the sector, the actions of the OSH focused on one area [22,23]. An example would be that financial 
and scientific sectors focused on psychosocial prevention and health promotion activities, in which 
ICTs focused on control or training, mainly in industrial environments [24,25]. Meanwhile, the social 
and health sector was also more likely to promote health in the workplace, with a particular interest 
in promoting healthy lifestyles [22]. These results are highly contradictory since the health sector 
workers are more exposed to psychosocial problems, such as burnout syndrome, musculoskeletal 
disorders, and biological accidents [26–29]. Different reviews have shown how ICTs, especially 
websites or databases, could decrease these risks and promote a healthier working environment 
[30,31]. However, it seems that the latest ICTs created mainly focused on improving structures, 
surgical approaches, or treatments for patients [32,33]. Even though healthcare workers are at high 
risk of suffering from a disease or accident, their working environment is up against constant changes 
and depends on the needs of the population [31,34]. The ICTs could be applied to increase prevention 
knowledge and skills, changing the environment to improve workers’ well-being and optimize 
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prevention through adequate human and material resources [35]. In fact, previous studies have stated 
different benefits of ICTs in the occupational health in healthcare sector from continuous training to 
productivity improvements [36,37]. The most outstanding benefits have been increasing efficiency, 
reducing errors and improving integration of best practice into routine care [36]. Currently, the ICTs 
in OHS seem to focus on improving clinical information systems, personal digital assistants or 
keeping health records of personnel [38]. Nevertheless, the analysis of previous works as a vital step 
in research is essential [39,40]; therefore, it is imperative to determine the previous knowledge and 
current tendencies in this scientific field. 
Based on this, the principal objective of the current study was to determine the trends of 
publications focused on ICTs and occupational safety and health in the healthcare sector during the 
last 30 years (from 1989 to 2019). Additionally, the second objective was to determine the major sub-
topics regarding the use of ICTs in occupational safety in the healthcare sector. The purpose of these 
objectives was to understand ICTs and OSH’s interaction better to assist the decision-making of 
health professionals and contribute to effective prevention. 
II.2. Materials and Methods 
II.2.1. Design of the Study 
A bibliometric study was carried out to analyze the data regarding the inclusion, use, or 
implementations of ICTs as an occupational safety measure for healthcare workers. The data focused 
on the year of publication, country, affiliation, authors id, citations, index keywords, and journal. 
II.2.2. Database Selection 
Before the use of the research strategy and the analysis of the data, exploratory research was 
carried out to select the adequate database for the objectives and study proposed. The exploratory 
research included diverse Medical Subject Heading (MeSH) (“technology” combined with 
“occupational safety”, “workers”) and several databases (Web of Science, Scopus, PubMed, the 
Health and Medical Collection, and the Psychology Database). These databases were selected based 
on their relevance and global use in the health field. The results of the databases were compared to 
determine the selection of the database for the research strategy. The exclusion criteria were the 
period of time from 1989 to 2019 and papers with no scientific relevance such as news, obituaries, 
projects, or patents, available in journals. 
The research strategy (ALL = (“technology” AND “occupational safety” AND “workers”)) 
showed different results for Web of Science (428 documents), Scopus (9479 documents), PubMed (553 
documents), the Health and Medical Collection (15,418 documents), and the Psychology Database 
(14,568 documents). These results displayed a similar number of documents for Web of Sciences and 
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PubMed, higher number of documents for Scopus, and the Health and Medical Collection and 
Psychology Database had the highest quantity. However, the Health and Medical Collection and 
Psychology Database also included greater number of grey data than the other three databases (Web 
of Science, Scopus and PubMed). The significant difference between these databases was the theme 
and topic of the research, therefore, the main two databases were Web of Sciences and Scopus. The 
documents obtained using Scopus included the largest abstracts and citations in the field of study. 
This database has over 16,000 peer-reviewed journals, conference proceedings, trade publications, 
book series and patents, offering the widest coverage available for scientific, technical, medical and 
social sciences [41]. Only one database was selected based on the coverage of the topic and the 
objective, and the fact that previous research indicated how Web of Science and Scopus have high 
similarities [42]. Based on previous research and the results obtained, it was decided to choose Scopus 
(Elsevier’s database) since it was the major database focused on the topic [43,44], providing necessary 
information for the quantitative analysis. Additionally, to avoid Scopus’ problems with the 
differentiation between authors of the same name, the data have been manually revised and later 
checked with the authors’ information. 
II.2.3. Data Collection 
The data were retrieved in June of 2020 from the Scopus database. After obtaining all the data, 
the information was saved in an Excel sheet, using Excel version 17, with a .csv format, to be later 
analyzed in SPSS (IBM Corporation, Armonk, NY, USA) program version 25. 
Based on an initial analysis, the research strategy included more MeSH terms (Table 1). The main 
terms were “technology”, “occupational health” and “healthcare personnel”. Other terms, such as 
“healthcare workers”, related to the MeSH terms (Table 1), were also included in the search to extract 




Table 1. MeSH (Medical Subject Heading) terms and description. 
Mesh Terms Description Related Terms 
Technology 
The application of scientific knowledge to practical purposes in any 




Education via communication media (correspondence, radio, 
television, computer networks) with little or no in-person face-to-face 






































Men and women working in the provision of health services, 
whether as individual practitioners or employees of health 
Personnel, Health 
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institutions and programs, whether or not professionally trained, 





















II.2.4. Exclusion and Inclusion Criteria 
The inclusion criteria used for this study focused on terms related to the topic such as “workers” 
or “professionals”, “technology”, and “healthcare” to determine the link between ICTs in 
occupational health. With the results from the terms “occupational health” or “occupational safety” 
and “education”, it was estimated that the prevention and promotion of a healthy environment were 
included. Additionally, “mobile” or “mobile applications” terms were used to identify this specific 
tool, which is more commonly used to determine implications and find previous studies in which the 
tool or specific applications were developed or analyzed. The Boolean operators used were “OR” and 
“AND” to link the terms. Additionally, the inclusion criteria regarding the type of document focused 
on articles, reviews, conference papers, chapters of books, books, editorial and letters. The main 
language was English, although other languages with their roots based on Latin, such as Spanish, 
Portuguese, French or Italian, and other Indo-European languages and Uralic languages, i.e., German 
or Hungarian, were also included. 
The exclusion criteria used were the period for the production of the documents (eliminating 
those documents published before 1989 and after 2019), articles focused on patients, the study 
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focused on workers from other sectors, such as mining, and lack of ICTs’ role. Additionally, the type 
of document was determined in order to exclude non-scientific productions, such as projects. 
II.2.5. Research Strategy 
The search strategy to gather the data used the different terms and steps (Figure 1), as follows: 
1 Identification: in this step, the terms were chosen and the Boolean operators “AND” and 
“OR” were used. The search query was the following: (TITLE-ABS-KEY ( technology OR “social 
media” OR “Mobile applications” OR “Education, Distance”) AND TITLE-ABS-KEY (“occupational 
health” OR “occupational safety”) AND TITLE-ABS-KEY (“Health Personnel”)) OR (TITLE-ABS-
KEY (technology) OR TITLE-ABS-KEY (“social media”) OR TITLE-ABS-KEY (mobile) OR TITLE-
ABS-KEY (“e-learning”) OR ABS (“e-learning”) OR TITLE-ABS-KEY (online)) AND (TITLE-ABS-
KEY (health) OR (TITLE-ABS-KEY (“occupational safety” )) OR (TITLE-ABS-KEY (“healthcare 
workers”))) AND ( TITLE-ABS-KEY (prevention) OR TITLE-ABS-KEY (safeguard)). This strategy 
was developed to identify the number of published items in which title, abstract, or keywords were 
included the terms (N = 23,135). 
2 Screening: A total of 12,635 documents were excluded based on the timeframe and the 
population of the study, which were workers in other sectors or patients using the filters from the 
Scopus database. Later on, an additional 8627 documents were eliminated from the data based on 
their use of keywords in their titles or abstracts. 
3 Eligibility: In this step, the abstract or the full document of the remaining 1875 documents 
were read to determine the main subject of the study. In this step, 852 documents were excluded from 
the final sample since they focused on disease transmission, such as HIV, or patients’ opinions 
regarding the worker health or tasks. 
4 Included: In this final step, 1021 documents were included for the quantitative and 
qualitative analysis of the data. 
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Figure 1. Flow diagram of the selection of articles for the quantitative and qualitative analysis 
II.2.6. Analysis Technics and Statistical Analysis 
The analysis technics used were both quantitative and qualitative. The techniques focused on 
counting the number of papers linked to countries, institutions and authors, and the counting of 
citations. Furthermore, the impact of published work on the topic was analyzed using the Journal 
Citation Report (JCR) and the quartile (Q1) to present the importance and relevance of the major 
journals. The Journal Citation Report is based on citations compiled from the Science Citation Index 
Expanded and the Social Sciences Citation Index and the quartiles based on ranking each journal 
according to their subject, using the impact factor distribution the journal occupies for that subject 
category as a measure [45]. The citation weighting depends on the subject field and the prestige of 
the citing serial. The counting of co-occurrence between authors and countries was also determined. 
Additionally, techniques for visualizing scientific variables (co-occurrence of keywords, countries 
and authors) were used via VOSviewer [46], an open-source program, as a method of 
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multidimensional analysis. The identification of networks using the VOSviewer software version 1.6.15 
[46] was carried out to examine and create bibliometric maps [47]. The networks identified focused 
on co-occurrence of countries and keywords. Additionally, the co-occurrence of the authors based on 
the citations was carried out. The criteria used to create the maps were a minimum of five connections 
between countries and a maximum of fifteen countries per document. The strategy was a minimum 
of five connections and a maximum of ten for the co-occurrence of keywords, eliminating the term 
“human/s” to avoid discrepancies. The criteria used for the co-citation was the cited author and 
journals, with a minimum of 20 citations per author. 
The results from the research were analyzed, initially using descriptive analysis, such as the 
frequencies of documents per country and year, the language, primary sources, the field of the 
publication, the leading scientific institutions, associations among nations, the primary authors in the 
area, and the index keywords used. Additionally, the descriptive analysis was carried out focusing 
on relative frequencies, mean, standard deviation (SD), median and confidence intervals (CI) 95%. To 
carry out the frequencies and relative analysis, and later statistical analysis, Excel (Microsoft, 
Redmond, WA, USA) version 2017, Numbers and SPSS (IBM Corporation, Armonk, NY, USA) 
version 25 were used. 
Previous to the statistical analysis, the Kolmogorov–Smirnov test was applied to determine the 
normalization in the sample. The results of this test (p < 0.001) suggested that variables (year of 
publication, citations or number of documents per country) did not follow a normal distribution in 
the entire sample. Based on these results, the non-parametric tests (Chi-square, Kruskal–Wallis, and 
Mann–Whitney U test) and the correlation test (Spearman’s correlation test) were used for the 
different variables. Additionally, Cramer’s V test was used to determine the magnitude of the 
differences, such as statistics to determine the size of the effect. The variables analyzed were year of 
publication, country, language, type of document, keywords, citations, references (co-citations), 
author’s id, JCR and quartile. The chi-square one test was used to determine if there were differences 
among the sample for the year of publication, journal, keywords used, language, type of journal and 
country. Based on the results obtained, the sample was divided and compared by language (English 
and non-English), country (US and other countries), the type of document (articles compared to 
reviews; and articles compared to the other documents) and the period of publication (before 2017 
and after 2017). The chi-square was used for comparing countries (US and other countries) and 
language (English and non-English) to having or not having citations. The Mann–Whitney test was 
used to compare the country (US and other countries) according to the number of publications and 
citations per country, ranking the countries based on citations and number of documents. The 
Kruskal–Wallis test was used for the variables: year, citations, JCR and score of the journals. The test 
associated the different subgroups inside the sample, comparing the year (before 2000, before 2017 
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and after 2017), the number of citations (less than 100, less than 175 and less than 400) and score of 
journals using the quartile between the variables and with other variables, such as type of documents 
ranked based on the number (from articles to conference papers) or languages. The Spearman’s rank 
correlation coefficient was used to determine associations between the countries, year of publication, 
language, type of documents and citations. 
II.3. Results 
II.3.1. Characteristics of Documents: Publication Trend and Language 
The 1021 documents, focused on ICTs in occupational safety and health of healthcare workers, 
showed an exponential trend of publications per year for this timeframe (Figure 2). The frequency of 
production per year increased from 1989 (0.29%) to 2019 (13.22%), although depending on the years 
the number and frequency of publication changes. However, the increase has not been linear and 
there have been some fluctuations, decreasing the number of publications in a time frame (from in 
2005, in which 23 documents were published, to 2009, with 22 documents). The exponential trendline 
(Figure 2) showed that the trend of publications followed a growth at a progressively higher rate, 
based on R-squared value close to 1. This result showed that the line almost fit the data perfectly. In 
this sense, the number of documents showed a significant increase from 1989 (two documents 
published by Kenya and US) to 2019 (135 documents, published mostly by US with 30 documents) (p 
< 0.001). This growth continued to be significant during the timeframe, although there were some 
modifications in the p-value and the grade of the significance (from 2000 to 2019 = p < 0.01; and from 
2010 to 2019 = p < 0.05). Additionally, the trend of publications was analyzed according to the number 
of citations per year of publication, showing significant differences between documents published 
before 2017 (mean of documents with citations = 14.35; SD = 24.71) and after 2017 (mean of documents 
with citations = 0.15.15; SD = 7.02) (p < 0.001). The main language of these documents published was 
English (92.4%), followed by Spanish (1.3%), German (1.0%), French (1.0%) and Italian (0.8%). 
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Figure 2. Number of papers per year and exponential trendlines. Note: the error bars and exponential trendline 
are based on percentage and count of publications. 
II.3.2. International Dissemination of Publications and Collaorations Between Countries 
Table 2 indicated that most documents were published by the US (with 369 documents), 
followed by the UK (55 documents), Australia (51 documents), Canada (50 documents), and Germany 
(55 documents). The mean of publications of the top five countries showed difference between US 
(mean = 11.9), UK (mean= 1.8), Australia (mean= 1.7), Canada (mean = 1.6) and Germany (mean = 1.2). 
Furthermore, the Chi-square test for a sample indicated significant differences between countries for 
the production of documents (p < 0.001), with a significant difference between US and other countries. 
Additionally, Cramer’s V test was used to determine the size of the effect for country and publications 
according to the years, showing significant differences between countries (p < 0.001). However, the 
value of the test (Cramer’s V= 0.32) was lower than expected, proving less association between the 
variables of country and production of documents per year. 





Number of Documents with 
Citations 
Frequency 





55 5.4% 53 5.8 
3  Australia 51 5.0% 50 5.5 
4  Canada 50 4.9% 48 5.2 
5  Germany 37 3.6% 34 3.7 
6  Italy 33 3.2% 32 3.5 
7  China 32 3.1% 29 3.2 
8  Netherlands 31 3.0% 29 3.2 
9  India 28 2.7% 23 2.5 
10  France 27 2.6% 21 2.3 
11  Brazil 22 2.2% 19 2.1 
12  South Africa 22 2.2% 18 1.9 
13  Japan 21 2.1% 18 1.9 
14  Spain 19 2.0% 15 1.6 
15  Russia 14 1.4% 11 1.2 
16  Sweden 12 1.2% 10 1.1 
17  Switzerland 12 1.2% 9 1.0 
18  South Korea 11 1.1% 9 1.0 
19  Finland 10 1.0% 8 0.9 
20  Belgium 9 0.9% 8 0.9 
21  Mexico 8 0.8% 8 0.9 
22  Norway 8 0.8% 7 0.8 
23  Poland 8 0.8% 7 0.8 
24  Portugal 7 0.7% 6 0.7 
25  Others 96 9.4% 99 10.8 
Table 3 showed how among the top ten publications with more citations, most documents were: 
published in the US, articles, focused on public health, and published in the first decade of the 21 st 
century. Furthermore, the table showed how most journals were from a medical area, with all of them 
ranking in the first quartile (Q1) according to journal impact (Journal Citation Report), which were 
related to the citations (p < 0.01).   
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Table 3. The top ten most cited documents. 
Rank
ing 
Title Year Journal 
Thematic 
Area 
Study Country Citations 
1  
Environmental contamination makes an 














A smartphone dongle for diagnosis of 
















Behavior change versus culture change: 












Percutaneous Injury, Blood Exposure, 
and Adherence to Standard Precautions: 
Are Hospital-Based Health Care 












Surveying wearable human assistive 
technology for life and safety critical 
applications: Standards, challenges and 
opportunities 
2014 Sensors  
Engineering
, electrical & 
electronic  
Review Qatar 113 
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6  
Modern technologies for improving 
cleaning and disinfection of 
















Epidemiology of hospital sharps 
injuries: A 14-year prospective study in 













Needlestick injuries in the United States. 













The relationship between return on 
investment and quality of study 










Article Australia 85 
10  
Uniform: an evidence review of the 
microbiological significance of uniforms 
and uniform policy in the prevention 
and control of healthcare-associated 















The number of citations (mean = 12.4; SD = 21.4) per document was analyzed showing a 
difference between countries (p < 0.001) and year of publication (p < 0.001). The top five countries 
with more documents (Table 2) had significant differences (p < 0.01) regarding the number of citations 
and documents with citations, with the US the leader (mean = 14.9; SD = 30.4; CI 95% = 18.1–11.7), 
followed by UK (mean = 11.7; SD = 13.4; CI 95% = 15.4–7.9), Australia (mean = 9.7; SD = 13.3; CI 95% 
= 13.5–5.8), Canada (mean = 8.6; SD = 9.6; CI 95% = 11.4–5.8) and Germany (mean = 8.9; SD = 11.8; CI 
95% = 13.1–4.8). In this sense, the number of citations of the main countries were 341 citations for US 
(37.2%), 53 citations UK (5.8%); 50 citations Australia (5.5%), 48 citations for Canada (5.2%), and 37 
for Germany (3.7%). The correlation between number of publications per country and number of 
citations was significant (Spearman’s test = 0.98; p < 0.01), although in other countries (Table 2), such 
as Spain, with a lower number of publications and citations, the correlation was lower (Spearman’s 
test = 0.86; p < 0.05). Additionally, significant differences between citations of articles published by 
the US and documents published by other countries were found (p < 0.001). The correlation test 
proved how documents published in the US had a positive association with more citations 
(Spearman’s test = 0.198; p < 0.001), although the coefficient was lower than expected. 
Furthermore, a concurrency analysis was carried out to determine possible associations between 
countries, showing different clusters (Figure 3). Figure 3 shows countries’ collaboration networks 
between 45 countries, representing the frequency of documents by the size of the circle. The figure 
represents the nine clusters, with the first, red cluster led by US. The red cluster, with nine countries 
and 279 links to countries, represents 51.3% of the collaborations between the countries. This cluster 
is formed by the US (presented in 408 documents), Colombia (five documents), Mexico (11 
documents), India (37 documents), and South Africa (presented in 33 documents). The second cluster, 
in green, represents 18.1% of the collaborations between countries, led by the UK (being in 96 
documents and with 36 links to other countries). This cluster was the second in number of countries 
(eight countries) and links, formed by the UK, Brazil (26 documents), Japan (23 documents), Russia 
(15 documents), Portugal (eight documents), Austria (six documents), Denmark (six documents) and 
Hungary (five documents). The third cluster (in blue) reflects 8.1% of the collaborations between the 
countries, being formed by seven countries. This cluster was led by Spain (presented in 26 documents 
and with 16 links to different countries), followed by Belgium (15 documents and 15 links), Finland 
(14 documents and 19 links), Poland (nine documents and four links), Turkey (eight documents and 
13 links), Ireland (six documents and six links) and Greece (five documents and four links). The fourth 
cluster (yellow), represents 8.1% of the collaboration and formed by five countries, which leader 
Canada (presented in 65 documents and with 17 links to different countries), followed by Italy, 
France, Norway, and Tanzania. The following cluster in purple, represents 5.2% of the collaborations, 
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formed by four countries with Germany as the leading country (presented in 50 documents and with 
17 links to different countries), followed by Iran, Netherlands, and Nigeria. The next cluster (light 
blue) was formed by four countries (China, Singapore, South Korea and Singapore) was led by China 
(presented in 35 documents and with 15 links). The seventh (orange) and eighth (brown) clusters 
were formed by three countries each. The final cluster (pink) was formed by two countries, Sweden 
(presented in 25 documents and with 24 links to other countries) and Saudi Arabia. 
 
Figure 3. Collaboration among countries. 
II.3.3. Institution and Jounarls More Relevant in the Topic 
In Table 4, the ten organizations with the highest rates of publication in the occupational safety 
regarding ICTs in the healthcare sector were analyzed. The University of Toronto is in the first 
position, with 40 publication, followed by the CDC with 31 documents. Next is the National Institute 
for Occupational Safety and Health, in third position (22 documents), the University of Calgary (18 
documents) and followed by the University of Washington, Seattle (17 documents). These top ten 
institutions represented the 18.8% the publications and the 20.3% of the citation in the topic studied. 
Additionally, seven out of the ten institutions with higher number of publications were from US, 




Table 4. Publications and citations by the top ten international institutions. 







Canada 40 3.9% 39 4.2% 





31 3.0% 29 3.2% 
National Institute 
for Occupational 
Safety and Health 
United 
States 
22 2.2% 22 2.4% 
University of 
Calgary 





17 1.7% 16 1.7% 




14 1.4% 14 1.5% 
Johns Hopkins 








13 1.3% 13 1.4% 
University of 
Melbourne 





12 1.2% 12 1.3% 
Additionally, the prominent ten journals with higher numbers of publications in this topic, 
according to the Scopus database, have been analyzed (Table 5). Most of the journals with the greatest 
number of documents published and the highest impact factors are from the US and UK, followed 
by Canada. Among the top ten journals, Journal of Hospital Infection, which is placed in fifth place, had 
612 citations, representing 5.8% of the total (total citations = 10,561), followed by Safety Science (with 
543 citations and representing 5.1%). The second journal, American Journal of Infection Control, had 200 
citations; and the third journal had 33 citations. The ten top journals summed up 2114 citations, 
representing 20.0% of the citations form all the journals in the topic. 
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12 Q1 3.27 272 202 87.13% 
United 
Kingdom 






11 Q2 2.94 367 236 88.56% 
United 
States 
Journal of Medical 
Internet Research 
11 Q1 5.03 1895 643 84.45% Canada 
Malaria Journal 10 Q1 2.63 450 431 93.50% 
United 
Kingdom 
Plos One 10 Q2 2.74 2.92 11,244 97.31% 
United 
States 
The analysis of the co-citations of journals also showed that these main journals (i.e., Safety 
Science or Infection Control and Hospital Epidemiology) were linked to other important journals (i.e., The 
Lancet) and had a major part in the clusters formed, with three (Safety Science, Infection Control and 
Hospital Epidemiology and BMC Public Health) of the seven leading journals of the cluster among the 
top ten (Table 5). The mapping (Figure 4) created indicated seven clusters, formed of 160 journals and 
4758 links between the different journals. The first cluster (red) was formed by 51 journals, led by 
Journal of Occupational and Environmental Medicine (J. Occup. Environ. Med.), with 196 citations (Q3 
and JCR of 1.64). The second cluster (green) was formed by 35 journals, led by BMC Public Health with 
186 citations (Table 5). The third cluster (blue) was formed by 26 journals, led by The Lancet (Lancet) 
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with 508 citations (Q1 and JCR of 60.39), connected to Plos One, which had 253 citations from other 
journals (Table 5). The fourth cluster (yellow) was formed by 23 journals, led by Infection Control and 
Hospital Epidemiology (Infect. Control. Hosp. Epidemiol.) with 404 citations (Table 5). The fifth cluster 
(purple) was formed by 179 journals, led by Safety Science (Saf. Sci.) with 275 citations (Table 5). The 
sixth cluster (pink) was formed by four journals, led by New England Journal of Medicine (N. Engl. J. 
Med.) with 225 citations (Q1 and JCR of 74.69). The final cluster (orange) was formed by two journals, 
led by American Journal of Epidemiology (N. Engl. J. Med.) with 52 citations (Q1 and JCR of 4.53). 
 
Figure 4. Co-citation between journals.. 
 
The frequency of articles among the documents published by the top ten journals (Table 5) was 
between 80–90%, which matched the most frequent type of document from the data. In this sense, 
the most common documents published were articles (72.2%), reviews (14.9%), conference papers 
(8.1%) and book chapters (1.4%). The year of publication was negatively linked to the type of 
document, reducing the number of articles, which were the main type of documents, and increasing 
the number of reviews (p = 0.002). Furthermore, the citations per year showed significant differences 
between citations of articles published before 2007 (p < 0.001). The correlation test proved how 
documents published more recently had a negative association with citations (Spearman’s test = 
−0.385; p < 0.001). 
II.3.4. Determination of Connections between Authors Inside the Scientific Field 
A further analysis was carried out based on the dominant authors in the topic, to determine co-
citation among authors (Table 6 and Figure 5). Table 6 shows the scientific productions of the top five 
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researchers focused on this subject during the last decade. Yan, L.L., from Canada, was the top author 
(6 documents), with an h-index of 48, 256 published documents and 9166 citations. Yan, L.L., started 
to publish in 2002 with a conference paper. 
Table 6. Progress of the top five authors’ works during the last decade. 
Year Yan, L.L. Brouqui, p. Iavicoli, S. Mayer, K.H. Canavati, S.E. Total Documents 
2009 0 0 0 0 0 0 
2010 0 0 1 0 0 1 
2011 0 0 0 0 0 0 
2012 0 0 0 0 0 0 
2013 0 0 0 0 0 0 
2014 1 1 0 0 0 2 
2015 1 1 1 0 0 3 
2016 0 1 0 1 3 5 
2017 1 1 0 1 0 3 
2018 0 0 0 0 0 0 
2019 3 0 1 1 0 5 
Total Documents 6 4 3 3 3 19 
According to the h-index of the top five authors, Mayer, K.H. had more documents and citations, 
with an h-index of 93, 1187 documents and 45,840 citations. The second author, Brouqui, p. had 464 
documents, 14,176 documents and an h-index of 60. The following author was Iavicoli, S. with 245 
documents, 2354 citations and an h-index of 27. The last author was Canavati, S.E. with 18 documents, 
240 citations and an h-index of 9, whose first document was published in 2011. The author with the 
highest h-index and documents was from the US, followed by France. The co-citations among authors 
was analyzed to determine mapping based on the references (Figure 5). The mapping identified seven 
clusters, with 86 items and 971 links. The first cluster (red) was formed by 21 authors, led by Teizer 
J., with one document and 62 citations (h-index of 40, 156 documents published and 5443 citations). 
The second cluster (green) was formed by 19 authors, led by Goetzel R. Z. with no documents and 45 
citations (h-index of 40, 182 documents published and 6927 citations). The third cluster (blue) was 
formed by 15 authors, led by Zohar D. with one document and 46 citations (h-index of 32, 51 
documents published and 7048 citations). The fourth cluster (yellow) was formed by 13 authors, led 
by Pittet D. with one document and 113 citations (h-index of 91, 589 documents published and 35,692 
citations). The fifth cluster (purple) was formed by eight authors, led by Cuijpers p. with two 
documents and 55 citations (h-index of 108, 788 documents published and 41,935 citations). The sixth 
cluster (pink), was formed by seven authors, led by Altman D.G. with no documents and 40 citations 
(h-index of 218, 1064 documents published and 352,962 citations). The final cluster (orange) was 
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formed by three authors, led by Weber D.J. with one document and 28 citations (h-index of 64, 443 
documents published and 15,845 citations). 
 
Figure 5. Co-citation between authors. 
 
II.3.5. Determination of Sub-Topics Utilizing the Keywords 
The most common topics in the data were identified using the index keywords of each document 
(Figure 6). The topics identified eight clusters (formed by 993 keywords with 84,876 links between 
them). The first and main cluster (formed by 190 keywords) focused on occupational health, 
prevention of diseases and accidents, and inclusion of ICTs (21.2% of the documents), such as 
bioengineering (red cluster). This first cluster (red) represented the main sub-topic inside the topic of 
occupational safety and health linked to ICTs in the healthcare sector. The second sub-topic (green), 
formed by 172 keywords, represented 18.3% of the sub-topics, focused on viruses and emergency 
pathologies that affect the global population and therefore were risks. The third cluster (in blue) was 
formed by 169 keywords and its frequency in the data was 16.8%. This sub-topic was based on 
workers’ behavior, such as smoking, and mental health, such as stress, burnout syndrome, and 
physiological support. The fourth cluster, in yellow, represented 16.4% of the sub-topics and was 
formed by 148 keywords. This cluster has as its main theme the prevention and control of infections 
and diseases, and correct procedures, such as handwashing and training. The fifth cluster (in purple), 
formed by 124 keywords and whose frequency in the data was 9.3%, concentrated on the aging of the 
working population and healthy factors. The six cluster (in pink, formed by 79 keywords and 
representing 8.2% of the sub-topics) was based on needlestick, hepatitis, devices, and prevention. The 
seventh cluster (in orange) was formed by 33 keywords and presented 5.1% of the nine sub-topics 
(clusters), and was centered on cancer, initial detention, and ultraviolet rays. The eighth cluster (in 
brown), was formed by 18 keywords and had a frequency among the clusters of 4.7%, and was based 
on insurance, preventive health services, and programs. 
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Figure 6. Co-occurrence of most common index terms per document. Note: the colors of the nodes indicate 
principal components of the data structure; the node size was scaled to the index keywords’ occurrences. 
 
II.4. Discussion 
This paper studied the global trend of 1021 research publications regarding ICTs in occupational 
safety and health of healthcare workers. The results have shown that the publication rate in this topic 
has increasingly grown from 1989 to 2019, and most publications were from the US and other 
developed countries. Although the trend of publications increased with the growth of ICTs in the 
healthcare sector, this trend seemed to highly increase from the beginning of the 2000s, correlating 
with the popularity and increased development of ICTs in the working environment. The data 
showed a significant difference between ICTs in OSH in 1989 compared to 2019, which could be 
related to the revolution of technology [48,49]. Based on previous work and the current trend linked 
with the fourth technological revolution, the impact of ICTs in the OSH of the healthcare sector, such 
as nanotechnology, sensors or virtual reality [50–52], might likely have a major impact over the next 
ten years [53]. 
The analysis of the data showed that most articles were published in the US and other English 
nations, with the main language being English, which could be related to affiliation since the main 
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research centers focused on OSH, such as the Center for Control Disease and Prevention (CDC), are 
situated in US, UK or Canada [35]. Additionally, the main institutions, journals, journals and co-
citations between authors and journals that published in this topic were also from these same 
countries (US or UK). These results could also reflect the historical background of each country 
regarding OSH, the integration of ICTs, the relevance of scientific production in this topic, health 
prevention measures, the number of inhabitants, and even the financial budget for OSH [22,54–57]. 
Moreover, it is interesting to note that the network of countries of this study showed how the 
countries with a higher frequency of publications were the leaders of each cluster. Though it is 
somewhat surprising that no main country was linked with other more relevant countries, they were 
linked to minor countries following a more aleatory structure. Nevertheless, these connections could 
be based on political, historical, and economic links [58–61]. 
Moreover, these countries where the main journals or authors carried out the research, showed 
associations between authors from different institutions and areas of knowledge. This interesting 
finding highlighted the existence of associations in the scientific community. Inside the community 
created, the central nucleus showed the significance of the main authors with more citations in the 
area, being connected to the citations, h-index and documents published. These results seemed to 
match previous papers that indicated that a connection between authors was linked to the relevance 
and citations of the author [62,63] 
The current study also found that the most common types of publication were articles, followed 
by reviews. Although the type of document changed with the passing of the years, these results were 
contradictory to previous studies that highlighted how in medicine or public health, reviews were 
usually more common [64–66]. Although they were increasing, this reduced number of reviews could 
be linked to the need for previous publications and the creation of scientific knowledge in any 
thematic area [67–69]. 
This study’s results indicate that the topics of the studies, based on the index keywords and 
resulting in multiple sub-areas, were related to OSH in the healthcare sector, and some measured 
ICTs. The sub-topics highlighted the principal concerns and issues present at the beginning of the 21st 
century and that continue today, such as prevention, biological exposure, and training [66,70–72]. 
Another main topic was related to mental health, for prevention and early detection. This topic seems 
to reflect one of OSH’s main issues for healthcare workers that has increased after the pandemic with 
Covid−19 increasing sleeping issues and burnout syndrome [29,73,74]. The relevance of the different 
topics and supremacy of prevention might be related to its evolution and significance [75–77]. 
Nevertheless, it seems that inclusion of ICTs is more delimited to prevention and promotion of health 
among workers, screening systems, such as cancer [78], and new devices to prevent infections, which 
could be a representation of the reduced inclusion of ICTs in OSH in the healthcare sector when 
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compared with other sectors [49,79–81]. Additionally, the topics seem to focus on the positive effect 
of ICTs in the OSH for the healthcare sector, although the European Agency indicated that the ICTs 
might also have negative effects for healthcare workers [79]. 
Another intriguing result was the citations per document and year of publication of the 
documents, with 2007 the breaking point. The citations per document also seemed to be related to the 
journal’s relevance and the thematic area. These results corroborate the findings of a great deal of 
previous work that indicated that the relevance of a lot of research seems to be based on the journal 
citation report and index [82–84]. 
These findings may be somewhat limited by the choice of keywords used for the research, by 
which the screening and selection of the data could have limited the number of documents and, 
therefore, the results and the journals. Additionally, it is important to bear in mind the possible bias 
in these results, based on the selection of a unique database, instead of combining two or more 
databases. This research focused on including close terms related to technology, OSH and healthcare 
workers, and excluding other terms for technology, such as “robotics” or “virtual reality”, which 
could have limited the results. This was primarily to avoid the possible inclusion of publications not 
focused on the healthcare sector in which these technologies are less present [85]. Moreover, the study 
of index keywords and, therefore, the topics might not represent the totality of the research carried 
out in the healthcare sector, as not all the keywords used were MeSH terms. Finally, the Boolean 
operators used, which were “OR” and “AND”, may have incorporated documents in which the main 
objective may differ from the objective of this paper. However, based on the sample size and the 
screening process, the possible error could be considered insignificant and could provoke little 
change in the result obtained in this research. 
Overall, these findings have significant implications for the understanding of how the role of 
ICTs will evolve or continue in OSH for the healthcare sector, with this role focused on prevention 
via education, prevention, and early screening. Additionally, this scientometric analysis adds further 
information to the literature by elucidating the growing importance of ICTs in OSH and the future of 
occupational health in a sector that continues to have concerns regarding mental health or biological 
exposure [86,87]. These results may help to inform future investments in occupational public health, 
integrating new technologies and surveillance devices among workers to prevent health issues, who 
are traditionally a group at risk and that continues to have difficulties in modified behaviors [88,89]. 
The bibliometric visualizations also provide an accessible means of communicating the key findings to 






This paper has argued that ICTs are included in the OSH for the healthcare sector, mainly in 
prevention and screening, although it seems that the most significant development of ICTs for this 
field is yet to come. In conclusion, this paper presented the global research patterns and current 
interests and identified the areas in which the ICTs are still missing or are less included. This research 
presents the main interest in the OSH related to the healthcare sector. Additionally, the results have 
highlighted the need for more studies focused on ICTs’ negative effect on healthcare workers. 
Nevertheless, more work will need to be done to determine the grade of inclusion or usage of ICTs 
for occupational health and safety among healthcare workers and organizations, as well as specific 
protocols or technological tools developed as technical safety measures. 
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Abstract: Airborne pathogens and non-malignant infectious diseases such as tuberculosis are highly 
contagious and can have severe effects on healthcare workers. The symptoms of these diseases take 
time to manifest, which can prevent workers from noticing that they have been exposed until 
symptoms appear. The current paper sought to assess the occupational safety and preventative 
measures taken in laboratories in Spain, and to compare these measures with those reported by 
other studies worldwide. A cross-sectional study of workers (35–50 years old) was conducted using 
a web survey (N = 30), and a bibliometric analysis was carried out in the Scopus database (92 
documents were selected). The occupational safety and health measures were inadequate, according 
to the opinions of the workers. The training (p < 0.01), the amount of work (p < 0.05), and how the 
workers followed their protocols (p < 0.001) were linked to incidents and exposure to airborne 
pathogens. The most significant previous publication was a report (848 citations) stating that the 
previous variables linked to exposure are vital for prevention. Most works focused on countries like 
the U.S.A. (p = 0.009) were reviews, with a limited number of studies focused on occupational safety. 
Keywords: tuberculosis; laboratories; work environment 
III.1. Introduction 
Since the 18th century, when biological agents first came to be identified and defined, different 
countries have developed methods to prevent and control outbreaks [1]. The first efforts to control 
environmental factors, such as production, appeared in England during the Industrial Revolution [2]. 
During this period, the concept of occupational safety and health (O.S.H.) was first defined [3]. 
Subsequently, countries started to develop methods to control pathogens among their populations 
[4], such as Spain’s attempts in the early 20th century to control the Spanish flu [5]. Nevertheless, 
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only when the World Health Organization (WHO) highlighted the need for a series of pathogen-
control measures to ensure the health of the working population in 1985 were such methods included 
and implemented in work environments [6]. 
In the European Union, a Council Directive called the 89/391/EEC, also known as Framework 
Directive, approved an occupational safety directive for the first time in 1989, focusing on improving 
measures to guarantee the safety and health of workers. This directive established the fundamental 
principles for occupational safety described a century earlier [7,8]. However, it was not until 2004 
that this directive proved that the involvement of standard legislation and the government in health 
and safety at work has a positive influence [8,9]. Since then, public administrations have created 
policies and structures to ensure the prevention of risks and promote and improve working 
conditions [10,11]. In this sense, maintaining workers’ health has continued to be a crucial element in 
managing the public health of the population. However, each government has different ways of 
addressing the health of its workers. Governments must understand their workers and the effects of 
their work on their health [12,13]. 
One work environment that provides greater threats to its workers than other environments is 
health centers. Healthcare workers are exposed to many different biological pathogens, including 
human immunodeficiency virus, hepatitis B virus, and tuberculosis [1,14,15]. In this population, the 
rate of accidents and diseases related to work is around 3.2% [2]. The transmission of these agents 
among health professionals depends on a series of factors, the most important of which are the type 
of activity carried out by the worker and the effectiveness of the preventive interventions carried out 
[16,17]. Airborne pathogens and associated chronic respiratory diseases such as tuberculosis are 
highly contagious and can have severe effects on the health of workers [18]. Moreover, the symptoms 
of these diseases take time to manifest in the airways, which can prevent workers from realizing they 
have been exposed after symptoms begin [19–21]. For tuberculosis, which is caused by Mycobacterium 
tuberculosis (a Level 3 organism based on the biological risk it represents), public concern is based on 
the prevalence of the general population and healthcare workers that suffer from the disease [22]. In 
a report of WHO, it was estimated in 2015 that up to 2 billion people around the world suffer from a 
latent state of tuberculosis[23], which remains concerningly prevalent in low-risk countries, such as 
Italy [24]. In Italy in 2015, 2.1% of healthcare workers were diagnosed with latent tuberculosis 
infections [25]. Similar results were found in a previous systematic review which detailed that 2.9% 
of healthcare workers in low-incidence countries had latent tuberculosis [26]. 
Many factors may contribute to accidental exposure to a biological agent, although the main 
factors are still a lack of experience, skills, or knowledge in handling materials, and anxiety, fatigue, 
and a lack of care for oneself or other professionals [27]. For tuberculosis, the lack of knowledge about 
its transmission, the relevant preventive and biosafety measures, and the diagnosis of the disease 
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seems to play an important role [25]. Moreover, the current situation with the new pandemic has 
highlighted the lack of professional and personal protective equipment (PPE) and adequate training 
provided in hospitals, which could have a major impact on the prevention of airborne pathogens [28]. 
Moreover, the latest studies have highlighted the need to create guidelines and training programs for 
undergraduate students and health professionals, especially for tuberculosis and other airborne 
pathogens [29]. In this sense, different studies have highlighted the importance of ensuring that 
healthcare workers receive training and have control measures in place, although these activities are 
difficult to implement [25,30,31]. 
Laboratories and research centers where diagnostic tests are carried out carry an inherent risk 
for their workers, who are commonly exposed to different pathogens, including tuberculosis. 
Nevertheless, most studies have focused on healthcare workers or students (mainly doctors and 
nurses) and based on contact with patients [26]. For laboratories and research centers, most available 
data relate to the early nineties, reporting a prevalence of around 7.8% in the United States or 6.7 
clinical laboratory technicians out of 100,000 [32]. Other studies carried out in Korea stated that the 
risk of contracting tuberculosis in a laboratory is 1.4 percentage higher for microscopy technicians 
and 7.8 for culture/defense and sciences technicians compared to non-laboratory workers [33]. 
Different studies have also demonstrated that laboratories are vital for the follow-up and treatment 
of tuberculosis [34], with updates to their protocols and improvements in access to (and training for) 
PPE being fundamental [35,36]. Based on these previous observations, the current paper primarily 
sought to determine the conditions in laboratories related to occupational safety and preventative 
measures, mainly in Spain. The secondary objective was to analyze the differences between the 
current study’s results and those of other studies worldwide regarding occupational safety among 
healthcare professionals. 
III.2. Materials and Methods 
III.2.1. Survey Data Collection and Handling 
A cross-sectional study using a reference population of workers aged 35 to 50 years old from 
different institutions (mainly Spanish centers) was conducted (Table 1). Most workers were from 
Europe (86.7%), being most participants from Spain (76.6%), followed by South American workers 
(13.3%). This study was carried out using a survey completed via the web, which included informed 
consent. The present study analyzed the preventative measures in microbiological laboratories, 




Table 1. Demographics data of the study population. 
Procedure Sample N Frequencies 
Sent out survey email 
invitation to one worker of 
each center 
56 email survey 
email invitations 
sent 
32 for Spain (2 per the 17 
regions, except for Ceuta and 
Melilla) 
in Spain (2 per region) 
6 for other European centers 
6 for American centers 
4 for African centers 
4 for Asian centers 
4 for Australia/Oceanian 
centers 
- 
Average response of the 
surveys sent to each worker 
for each center 
30 surveys 
completed 
23 in Spain 
4 in other European centers 
3 in American centers 
0 for Asian centers 
0 for Australia/Oceanian 
centers 
71.9% in Spain 
67.7% in European 
centers 
50% in American 
centers 




 Workers of Each Center that Completed the Survey (N = 30) 
Variables Mean (SD) N Frequencies 






Ethnic background - 
23 white (European) 
3 Latino 





6.7% African descent 
6.7% undefined 
Spanish and International - 
23 Spanish workers 
7 international workers 
76.7% Spanish 
23.3% International 
Note: The minimum of the sample to achieve was 30 centers (15 Spanish and 15 International) based 
on previous work [32]. Additionally, for the international centers the estimation was from two to three 
per continent. The number achieved (N = 30) has been of one worker per center. A note of caution is 
due here since the estimations were not achieved, being higher the number of Spanish centers. 
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This study was implemented using a questionnaire previously validated by the Mycobacteria 
Reference Center. This questionnaire is available in English on the University of Córdoba website 
(http://www.uco.es/users/jcheca/index.php?go=mva/registro.html), and was subsequently translated 
into Spanish and German. To work online with the translated versions, the translations were 
transformed into online surveys using the Google Forms application 
(https://docs.google.com/forms/d/1eB1lUFGV37_S1e_0oXrdH4QvwUMQbLVoZzlI_B356j4/edit). 
The survey was divided into seven sections: information about the study, laboratory data, work 
volume, and worker training. All necessary information was given to workers in order to gather 
personal data and information related to safety at work. This questionnaire focused on laboratory 
data, including the type of laboratory, the techniques carried out in those centers, and whether the 
centers carried out any research. The work volume was assessed based on the number of samples, 
the time taken to culture media, the use of tools by the workers (such as the use of microscopes, 
cleaning, and disinfection of the working areas), and how the workers followed the relevant protocols 
(cleaning, eating, clothing, etc.). The training assessment focused on the initial training and ongoing 
training given to workers related to occupational safety and procedures in the work environment. 
Assessment was also based on whether the workers were informed of occupational measures, such 
as providing updates to protocols for biological accidents, as well as occupational diseases. The safety 
at work section focused on the work environment, the availability of personal protective equipment 
(PPE), the frequency of cleaning and disinfection carried out by cleaners and/or professional cleaning 
services, and the prophylaxes available to the workers. 
The research project was approved by the Research Ethics Committee (Code 288, Reference 
4258). The data to be processed were extracted from the answers given to the questions posed in the 
surveys. Participants were notified of the survey by email after voluntarily agreeing to the collection 
of their data. 
The data collection was carried out during June 2019. The participants received an email in 
which they were informed about the survey’s objectives, the time allowed to complete the survey (10 
min), the voluntary nature of the survey, and the possibility of not completing the survey. This survey 
also included a section in which the participants had to give their consent prior to completing the 
survey. The inclusion criteria were centers focused on the diagnosis of pulmonary diseases, both in 
hospitals and independent research centers, workers with a contract with the center and workers’ 
contact with airborne pathogens. The exclusion criteria were focused on students, non-contract 
worker, e.g., practices in laboratories or young predoctoral researches, and missing data. The 
participants who did not complete different parts of the survey did not meet the inclusion criteria 
and were excluded. 
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The independent variables included information on the study, laboratory data, work volume, 
training, information given to workers, and job security. The dependent variable of this study was 
the incidence of accidents. The data (N = 30) were analyzed using descriptive statistics and the 
relationships of the qualitative variables. Initially, data normalization was examined using the 
Shapiro-Wilk test. The results showed that the sample was not normalized (p < 0.05), so Mann–
Whitney and chi-square U tests were used. 
III.2.2. Bibliographic Search 
Furthermore, a bibliometric analysis was carried out using the Scopus database. The bibliometric 
analysis was based on different Medical Subject Heading (MeSH) terms considering the study’s 
objective (Table 2). Additionally, the term “occupational safety” was included in the search to extract 
more data, although it was related to the MeSH term “occupational health”. The Boolean operators 
used were “OR” and “AND”, and the fields were “title”, “abstract”, and “keywords”. After obtaining 
all the data, SPSS program version 24 (IBM Corporation, Armonk, NY, USA), E.P.I.D.A.T. version. 
4.2. (Servicio de Epidemioloxía de la Dirección Xeral de Saúde Pública del Servicio Galego de Saúde 
(SERGAS), Galicia, Spain) and Excel version 17 (Microsoft Corporation, Redmond, Washington, 
USA) were used to analyze the information. 
The bibliometric analysis was carried out in June 2020 using the following search: (TITLE 
({Tuberculosis}) OR ABS ({Tuberculosis}) OR KEY({Tuberculosis}) OR TITLE ({Air Microbiology}) OR 
ABS ({Air Microbiology}) OR KEY ({Air Microbiology})) AND (TITLE ({occupational health}) OR ABS 
({occupational health}) OR KEY ({occupational health}) OR TITLE ({occupational safety}) OR ABS 
({occupational safety}) OR KEY ({occupational safety})). The exclusion criteria were articles focused 
on patients, or on workers that do not come in contact with airborne pathogens or whose work is not 
carried out in a healthcare environment. Selected studies were those related to healthcare workers 
and measures regarding occupational safety, with high relevance given to laboratories. 
In the first phase, 1159 documents published before 1 June 2020 were identified, focusing on 
workers, occupational safety, and airborne microbes. In the second phase, screening, 922 studies were 
excluded based on their titles, abstracts, and keywords. In the third phase, eligibility, exclusions were 
made based on the timeframe (all previous years up to the last full year (2019)), respiratory diseases 
related to dust or working conditions, and other work environments, such as coal mines, with 145 
documents excluded (Figure 1). For quantitative analysis of the 92 documents, the Mann–Whitney, 





Table 2. MeSH terms and description. 
MeSH Terms Description Related Terms 
Tuberculosis 
Any of the infectious diseases of humans and other animals 















The presence of bacteria, viruses, and fungi in the air. This 




The promotion and maintenance of physical and mental 












Figure 1. Flow diagram for the selection of articles for bibliometric analysis based on the topic and population 
III.3. Results 
III.3.1. Results of the Survey 
The observational study’s initial analysis, based on healthcare workers in laboratories, showed 
that 23.3% of the participants came from international centers, while 76.7% worked in Spanish 
centers. In total, 13.3% of the international reference centers were from Europe (Belgium, Sweden, 
Bulgaria, and Latvia), and 10% were from North and South America (Mexico, Colombia, and the 
Dominican Republic). 
The level of access that professionals have to PPE for their observational studies was analyzed. 
The results showed that most of the workers did not have all the necessary PPE, such as filtering 
facepiece (FFP) 1, 2, or 3 masks. It was also observed that international reference centers seemed to 
have less PPE available (Table 3). Most healthcare workers in laboratories indicated that there was 
not sufficient PPE to carry out their work, although the workplace measures were safe and secure 
(Table 4). In Spain, the percentage of workers who considered their work environments to be 
insufficient was 18.2% in local centers, 100% in regional centers, 57.1% in reference centers, and 100% 
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in research centers. Moreover, in work environments where tasks related to airborne pathogens are 
carried out, the same percentages indicated that the available work spaces were unsafe for these tasks. 










Is there sufficient PPE to 
carry out the work? 
Yes 0% 9.1% 0% 0% 0% 
No 100% 90.9% 100% 100% 100% 
Are there enough safety 
and preventative 
measures? 
Yes 85.7% 100% 0% 71.4% 0% 
No 14.3% 0% 100% 28.6% 100% 
These workers also indicated how often they and other workers neglected to follow technical 
safety measures, such as going out in their work clothes, following the procedures for working with 
Mycobacterium tuberculosis, eating or smoking next to one’s workspace, etc. (Table 4). 
In terms of training, 100% of the international and national workers described having adequate 
training. The descriptive analysis showed how 100% of the international centers carried out training 
regularly as ongoing training. However, at the Spanish level, the results showed that 57.1% of the 
reference centers’ workers did not receive this training regularly. When asked whether they were 
provided information on preventative measures, 28.6% of international workers in the reference 
centers considered themselves to have no information. However, at the national level, these values 
were more favorable for local centers: 18.2% of the workers answered that they had no information 
compared to 81.8% who considered that they did have such information. In contrast, in the regional 
centers focused on research, 100% of the workers answered negatively, while for the national 
reference centers, the distribution of responses was more balanced: 57.1% considered themselves to 
not have this information, while 42.9% answered that they had received this information. 
The number of incidents in the last three years and occupational diseases were analyzed by 
center. The results showed that at the international level, 14.3% of incidents were reported among the 
reference center workers, although no worker developed any work-related illness. The data obtained 
at the national level showed a similar trend, where workers from local and regional centers did not 
present work-related accidents or illness, while among those surveyed at reference centers, 28.6% 
declared having suffered some type of accident. A nonparametric analysis was used to determine the 
differences between groups (those who had suffered an accident and those who had not suffered an 
accident). The analysis showed differences in the type of laboratory (p < 0.05), the numbers of samples 
processed per year (p < 0.05), the collection times of the samples (p < 0.01), and ongoing training for 
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prevention (p < 0.05). Based on these results, correlations between the analyzed variables were 
determined. The analysis focused on relationships with incidents in the last three years that were 
shown to be linked to the type of laboratory (p < 0.05), the type of sample collection (p < 0.05), regular 
training for prevention (p < 0.001), and whether workers followed the relevant safety and hygiene 
protocols (p < 0.01). 










Do you go outside in your 
work clothes? 
Yes 0% 9.1% 0% 0% 0% 
No 100% 90.9% 100% 100% 100% 
Do you smoke or eat close to 
your working area? 
Yes 0% 0% 0% 0% 0% 
No 100% 90.9% 100% 100% 100% 
Do you clean your 
workspace following 
protocol? 
Yes 100% 100% 100% 100% 100% 
No 0% 0% 0% 0% 0% 
Do you decontaminate 
following protocol? 
Yes 100% 54.5% 100% 57.1% 100% 
No 0% 45.5% 0% 42.9% 0% 
Do you wash your hands 
according to protocol? 
Yes 100% 54.5% 100% 28.6% 100% 
No 0% 45.5% 0% 71.4% 0% 
III.3.2. Results of the Bibliographic Search 
The bibliometric analysis showed that most studies focused on the United States (the USA, with 
33 documents), followed by Germany (with eight documents) and the United Kingdom (the UK, with 
seven documents), with Spain (three documents) and other countries (Belgium and Sweden, with 
two documents each) poorly represented worldwide (Figure 2). Figure 2 presents the countries of 
origin of selected publications on the topics (occupational safety, healthcare workers, and airborne 
pathogens) (N = 92), of which most countries, such as the Netherlands and Kenya, provided only one 
document. The following countries with higher number of documents, including India, Italy, and 
South Africa, provided an average of five documents (Figure 2). 
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Figure 2. Frequency of documents per country of the bibliometric analysis with a range from one to 33 
documents. 
The number of publications per year showed significant differences between countries (p = 
0.024), with the USA being the greatest producer of publications (p = 0.009). Other aspects analyzed 
in the previous documents included the citations, for which the cut-off point was the year 2014 (p = 
0.037), after which the citations of the publications increased more rapidly, with an effect on the 
average number of publications per year (Figure 3). Figure 3 shows that many documents were 
published in 2014 (seven documents), although the trend from that year onward showed a decrease 
in the number of publications. This change (Figure 3) was similar to what was observed in 2010, when 
seven documents were published; that number then decreased to three documents a year by 2013.The 
number of citations per document differed according to the topic (p < 0.001), with a mean of 33 
citations. The most commonly cited guidelines focused on prevention health issues among workers, 
with 848 citations [37]. This report highlights the importance of controlling and preventing 
tuberculosis for healthcare workers and the general population. For workers, the report highlights 
the need to control the number of workers in the testing area, provide PPE (especially respiratory 
protective equipment), implement a respiratory program or protocol, and provide training for 
healthcare workers on the use of respiratory protection. 
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Figure 3. Number of publications per year of the 92 documents from the bibliometric analysis 
Based on the results and recommendations, the most commonly cited observational papers were 
analyzed to determine the different variables and recommendations in the reports [37]. In this case, 
few studies included laboratories or discussed principles to prevent tuberculosis among workers 
(Table 5). Only one of the papers (focused on Kenya) analyzed the incidence of tuberculosis alongside 
one factor, which was training. The next article in terms of number of citations (eight citations) was 
based on factors related to prevention of tuberculosis or airborne pathogens in the United States in 
1997; this study explored the relevant protocols, preventative measures, respiratory protection, and 
airflow regularity [38]. The results showed the improvement of the studied hospital from 1992 to 1997 
(p < 0.01) in isolating patients with tuberculosis, assessing airflow regularity, and using PPE following 




Table 5. The five most cited observational articles of the bibliometric analysis. 
Title Year Country Sample 
Work 
environment 
Variables Results Source Citations 
Are healthcare workers in 
England and Wales at an 










Sex, ethnicity, association with other 
workers 
Crude notification rate 
among healthcare workers 








Assay for Large-Scale, 
Routine Screening 













QuantiFERON-TB Gold In-Tube 
test, age, sex, QFT results, including 
the T.B. Antigen, Nil, and Mitogen; 
and the test run date. 
Remaining false positive 
(p < 0.001) 
American Journal 
of Respiratory 




Gamma Release Assays in 
the Diagnosis of Recent 
Tuberculosis Infection in 











QuantiFERON-TB GOLD In-Tube 
and T-SPOT. T.B. in H.C.W.s, 
comparing the results with a 
tuberculin skin test (T.S.T.) 
A low frequency of B.G.G. 
vaccination (15.6%);  
the occupational degree 
exposure was significant 
when the outcome was a 
positive T-SPOT. T.B. 
result (OR = 2.03) 
Plos One 30 
Tuberculosis Risk Among 
Staff of a Large Public 









Sex, job designation, years working, 
household, and guidelines  
The time with the patient 
was liked to tuberculosis 
(OR = 1.3) 
Working role  







High incidence of latent 
tuberculous infection 
among South African 
health workers: An urgent 
call for action [43] 
2008 Kenya 
Healthcare 





knowledge and risk perceptions of 
T.B. and L.T.B.I., and training and 
practice in infection control, I.G.R.A. 
compared with tuberculin skin test 
(T.S.T.)  
Knowledge and infection 
control training and 
practice were associated 
with a 50–60% reduction 









The analysis of the centers from the observational study alongside the bibliometric analysis 
provided significant data on the prevalence of tuberculosis, the methods of its diagnosis, related 
working conditions, and workers’ attitudes regarding the relevant protocols. 
The Spanish workers observed that there is not full compliance with preventative measures 
in their centers, as the protocols are not always followed. Meanwhile, the European, North and 
South American workers more strictly followed the relevant protocols and safety measures, such 
as decontamination. Another aspect that was different between Spanish and international 
workers was the prevalence of biological accidents and exposure to airborne pathogens, as 
exposure was more common among Spanish workers at local centers. These results were 
consistent with those of other studies, which found that centers with better control and 
implementation of a set of recommendations have significantly decreased exposure to airborne 
pathogens and fewer occurrences of biological accidents [44–46]. Another notable result from the 
observational study was the connection between a higher frequency of accidents and failure to 
comply with preventative regulations through ongoing training. In fact, one significant finding 
was the difference between Spanish and international workers regarding ongoing training. This 
ongoing training in prevention has been described as a necessary activity, especially for 
laboratory workers [47]. A previous work stated that such training education plays an essential 
role in identifying and circumventing outbreaks in laboratories [48]. These results match the 
recommendations [37] put forth by several studies [49,50], indicating the need for worker 
participation and ongoing training. These results agreed with those of a previous study focused 
on Level 3 and 4 laboratories around the world, which also indicated the need for training [51]. 
A previous paper focused on Spain [52] also highlighted the need to improve preventive training 
among Spanish workers, and how such training plays a key role in maintaining safety measures 
and preventing accidents. Another study focused on Russia indicated that training is lacking but 
essential for occupational safety, even more so under extreme or uncomfortable working 
conditions [53]. These previous studies agree with the reports and reviews from the health field 
found in the present bibliometric study [54–56], which indicated training as critical. However, 
contrary to expectations, the bibliometric study did not find a significant number of papers 
focused on laboratories and the measures taken by their workers. Most papers focused on 
determining the prevalence of tuberculosis, the proper tests to use, and comparisons between 
workers [39–43]. 
Another factor that was important for both Spanish and international workers was the lack 
of information regarding updates, protocols, or changes in the work environment. Although this 
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lack of information was not linked to a higher risk of exposure to a biological accident, other 
studies have noted the importance of such information [57,58]. One paper focused on low-
resource settings [59] indicated the need for information management tools to maintain constant 
feedback and to prevent infections among workers and patients. 
Further, the manipulation of samples or cultures was linked to biological accidents and 
exposure to airborne pathogens in both Spanish and international centers. Samples that can 
generate aerosols were a significant possible risk factor for acquiring tuberculosis in the 
laboratory. These results coincide with those of previous studies, which determined that the 
longer the exposure, the higher the contagion risk. In this sense, previous studies carried out in 
low-incidence countries indicated how the relevant time to carry out a testing and therefore time 
of exposure, number of samples manipulated by workers, and type and number tests carried out, 
must be controlled to prevent exposure among healthcare personnel [57,60]. This risk is also 
related to sample concentration, the number of samples handled, and the safety measures 
implemented [48,61]. Another study carried out in 2016 proved that cell cultures of tuberculosis 
are linked to 22% of work-related contagious diseases, with laboratory technicians the most 
frequently affected (87%) [51]. 
Likewise, a large number of workers considered there to be insufficient PPE to carry out the 
different tasks of their laboratory safely. Among the types of PPE, HEPA filter protection masks 
play an important role in worker protection, especially against tuberculosis [62]. On the other 
hand, regarding the perceptions of worker safety and health measures at the European, North 
and South American levels, a small percentage of workers indicated a lack of such measures, 
while, in the Spanish context, researchers at the regional level and in the reference and research 
centers indicated a lack of security measures. This lack of security measures and PPE could be 
due to the decrease in public investment and purchasing of materials in the last decade, especially 
in the public sphere [63,64]. These results were similar to a previous review that stated how 
laboratories workers tough the need to improve the conditions of the work spaces available to 
workers to carry out their tasks [65]. The concern around such responses is based on the fact that 
both the CDC and the WHO have indicated the need to improve laboratory environments and 
employee conditions, highlighting training and the availability of adequate PPE [62]. 
Despite the significant results and relevance of the different variables analyzed, the 
bibliometric analysis proved that most studies, which were reviews or reports based on citations, 
have focused to date on the prevalence of tuberculosis, detection methods, and sometimes work 
environments. These results seem to align with those of recent studies, which were mainly 
focused on prevalence and risk factors, such as sex or age [66,67]. Other prior work indicated that 
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the highest prevalence of work-related contagious illness among laboratory workers (43.4%) was 
related to a certain age group (women from 30 to 39 years old), which could be related to training 
[68]. Thus, most works focused on analyzing prevalence rather than the work environment or the 
worker attitudes. Indeed, the CDC described the relevant preventative factors and how to 
decrease such prevalence, and WHO highlighted that workers need training and constant 
updated, and centers should reorganize the workplaces and distribution and updated protocols 
every decade [34,69,70]. 
The current research also has limitations. The major limitation of this study is its small 
sample of laboratories. This research obtained data from laboratories using an observational 
method that limited the results to the countries that participated, the workers and email surveys 
invitations sent, and the timeframe used. Also, some demographic data of sample were not 
included, such as, position in the laboratory, level of studies and time working in the center. 
Another source of weakness that could have affected the bibliometric analysis is the choice of 
keywords. This research focused on including concise MeSH terms, which might have delimited 
the number of publications. Additionally, other terms such as “health work environment” or 
“laboratories” were not included in the search in order to limit the number of documents, as these 
extra terms may have resulted in a wider number of publications than desired. Finally, the 
Boolean operators used, “OR” and “AND”, may have included some publications which had 
different topics of study. However, based on the topic, population, and sample size, including a 
number of publications with different topics would have produced an insignificant change in the 
results obtained in this study. 
These findings raise intriguing questions regarding the nature and extent of preventative 
measures taken in healthcare work environments against tuberculosis and other airborne 
pathogens, especially for laboratory staff. A key practical implication is the need to provide more 
regular training and adequate PPE for workers. 
III.5. Conclusions 
The aim of this paper was to assess the occupational safety and preventative measures in 
laboratories, in both Spain and other countries, and to determine the global differences in 
occupational safety among healthcare professionals. 
The occupational safety and health measures in the studied laboratories were inadequate 
according to the opinions of the workers, both in Spain and in other European, North and South 
American countries. One of the most relevant findings is that biological accidents and exposure 
to airborne pathogens among Spanish and international workers can be linked to ongoing 
training, the amount of work, and how the workers followed the relevant protocols. Other factors 
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were also noteworthy, such as the survey responses, since these data illustrated the differences 
and similarities between Spanish and international contexts, although the opinions of the workers 
were worse in Spain and were not linked to biological accidents. The results showed that in Spain, 
the behaviors and hygiene of workers continue to be unsafe and deficient compared to those of 
other European workers. These results are very interesting, since the Spanish workers expressed 
poorer opinions of their work environments, such as having smaller workspaces than workers 
from international centers. 
The second major finding was that in most significant previous works, the described 
variables (e.g., ongoing training) were connected to a higher risk of exposure in observational 
studies. Another finding that emerged from the bibliometric analysis was that most works 
focused on countries like the USA or UK, where the incidence of tuberculosis among workers is 
considered low. Most of the documents from such countries were reviews, with a limited number 
of observational studies and studies focused on determining occupational safety and health 
measures. These findings suggest that to decrease the prevalence of tuberculosis and risk among 
workers, greater compliance with the relevant measures is needed, along with further research 
that focuses on whether such measures are being followed. 
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Abstract: Tuberculosis (TB) continues to be one the preventable top ten cause of death. The 
concerning issue is that around 10 million people suffered from TB. Germany has lower rate of 
infection and incidence of TB that Spain. This prevalence of TB is a risk for healthcare workers. 
Based on the World Health Organization (WHO) that highlighted the importance of periodically 
review the national programs especially the plans and policies based on monitoring, reporting 
and recommending, the current study had as objective the determination of the differences of 
preventing TB between the two European countries via the German and Spanish prevention 
protocols. Some of the conclusion were how both Spain and Germany have committed 
themselves to establishing guidelines for TB prevention in order to achieve the goals proposed 
by WHO at the global level. Both countries agree on case reporting, chemoprophylaxis, and 
treatment of latent tuberculosis. And it is essential for TB control to improve the level of 
knowledge of practitioners and health care personnel, but of course also of those affected with 
their environment.  
Keywords: tuberculosis; prevention; occupational safety; European standards.  
IV.1. Introduction 
Tuberculosis (TB) is a bacterial infection caused by Mycobacterium tuberculosis, which is 
considered a level 3 organism based on the risk to pathogenetic capacity [1]. This member of the 





continue to flourish [2]. According to the World Health Organization (WHO), TB is one of the 
preventable top ten cause of death, being highly contagious and one of the older diseases suffered 
by humans [3]. TB, as an airborne pathogen, is highly contiguous since it introduces and culture 
in the lung structure and spreads from person to person through air. This pathway allows to the 
pathogen to be transmitted via aerosolized when an infected individual coughs, sneezes, or 
speaks[2]. Most of the individuals that suffered from TB, do not present any symptomatology, 
being defined as latent tuberculosis infection (LTBI). These individuals are not contiguous to 
others but have a high risk of developing TB and posterior pulmonary problems or death. Active 
TB disease can develop within a few weeks following exposure or manifest years or even decades 
later. The treatment of this active disease is a highly complex and ever-evolving topic that goes 
well. The concerning issue is that around 10 million people suffered from TB, representing a 
quarter of the global population [4], and up to 1.7 billion people have being in contact with 
Mycobacterium tuberculosis and will developed this disease [1].  
Currently, it was estimated that only in European countries the incidence is decreasing but 
continues to be 28 (24-34) per 100,000 individuals suffer from it and most of these individuals 
have the LTBI [3,5]. Moreover, only in 2015 up to 2 billion people around the world underwent 
from a latent state of TB [3], being higher than desirable in low-risk countries, such as Italy [6]. 
The European Centre for Disease Prevention and Control (in English ECDC) and the WHO 
European Region showed that the incidence of TB, even though in a decreasing tendency during 
the last four years (-3.7% in TB incidence in Europe)[7], had higher levels in countries like Spain, 
especially among younger individuals (0-4 years old)[7]. In opposition countries such as 
Germany has lower rate of infection and incidence of TB that the mean of the European Region 
and countries like Spain (Table 1)[7,8]. In fact, Germany has had one of the lowest incidence rates 
of Europe, which has increased via the migratory flows, but compared to countries like Spain 
continues to be lower than the mean of European countries [9]. In contrast, in Spain the rate has 
been decreasing in the last ten and four years, but the incidence depends on the native population 
more than the migratory flows, which seems to indicate some discrepancies in the prevention or 
treatment compared to Germany[7]. 
Table 1. Rate per 100,000 individuals of TB from the European Region, Spain and Germany [7,8] 
 
Standardized 







in 2018  



















- 0.7 11.2 63.1 10.2 27.9 
Germany 0.31 0.4 7.3 25.3 6.6 6.4 
Spain 0.48 0.6 9.4 56.6 10.0 9.6 
These differences inside the European Region seemed to be linked to the screening, 
migration rates, the creation of programs for latent TB, treatment [10] and following up protocols 
[11]. An example of the difference between countries is that according to a last report, only two 
countries reported in 2018 a treatment protocol for LTBI in childhood[10], even though ECDC 
and WHO recommended that all the European (EU/EEA) countries should have one. This is only 
an example of improvements that can be made to decrease the incidence, death or treatment rate 
of people with TB. In fact, WHO and ECDC has stated that an appropriate diagnosis and 
treatment with antibiotics, vaccination, follow up and early screening programs the rate would 
be much lower [12]. Additionally, the prevalence of TB and LTBI constitute a risk for healthcare 
workers (HCWs) and therefore are routinely screened for LTBI, an example of this is showed in 
study focused on German workers with 3.86% higher risk than other workers [13,14]. In this 
sense, the prevention or reduction of the risk to healthcare workers via the decrease and control 
of epidemics in the populations is one of the goal of the occupational safety[15], as seen in the 
current pandemic of Covid-19[16]. 
According to the WHO, it is highly important to periodically review the national programs 
especially the plans and policies, and associated activities, based on monitoring, reporting and 
recommending [3]. Based on the previous statement and relevance of reviewing the national 
programs, the current study has as objective the determination of the differences of preventing 
TB between the two European countries via the German and Spanish prevention protocols 
[17,18], and it is discussed whether the recommendations made by WHO are followed. 
IV.2. The epidemiological surveillance 
The epidemiological surveillance focused on the early detection and diagnose of TB and even 
the multidrug-resistance (MDR) and extensively drug-resistant (XDR) of TB, including the 
monitorization and assessment of national programs to avoid the new cases [19,20]. Although the 





accessible reports and data regarding TB. In the European Region, TB surveillance level is 
responsibility of the ECDC and the WHO European Region that coordinate their activities and 
build a joint annual aggregated report based on information provided by the European Member 
States. Epidemiological surveillance plays a decisive role in understanding and characterizing 
the presentation of this disease in the population and in having the information necessary to 
establish measures to control and prevent its incidence in the community [21]. The data collected 
in the surveillance activity allows to describe the trend and evolution of incidence, drug 
resistance, to identify high-risk groups and areas where transmission occurs and to identify 
outbreaks. In this sense, the ECDC showed from the epidemiological data a decreasing tendency 
in Europe, but when compared Germany and Spain (Figure 1) the significance between the rate 
of notification is clear. The Figure 1 shows how the Spanish population in all ranges age, except 
from 15 to 25 years old, have higher incidence of TB.  
 
Figure 7. Differences between Spain and Germany regarding the notification rate per 100,000 
When compared the protocols of surveillance of both countries, the Spain protocol, regulated 
by Order SSI 445/2015 of 9 March which is an amend of the annexes to the Royal Decree creating 
RENAVE in 1995 concerning the form of surveillance of notifiable diseases, established that for 
TB the individual declaration of each diagnosed case accompanied by the information from the 
survey is needed[17].Since this Royal Decree and protocol, and posterior data following the year 
1999, the number of new cases has significantly decreased (Spearman’s correlation= -0.51; p-






Figure 8. Rate of new cases from 100,000 in Spain 
In the case of Germany, with the introduction of the Infection Protection Act, a new quality of 
tuberculosis control was achieved in Germany. The data of the individual case reports are 
consolidated on the level of the federal states and on the national level. They allow a continuous 
analysis and early assessment of the development of tuberculosis in Germany. These evaluations 
are summarized in the annual "Report on the Epidemiology of Tuberculosis in Germany", which 
is also available electronically on the RKI website. Both reports must be submitted to the public 
health department within 24 hours of the time at which they become known[23]. This code seems 
to significantly decrease the cases (Correlation= -0.51; p-value=0.027), although there was an 
increased from 2014 to 2015 of 3,457 rate per 100,000 inhabitants, being in 39.3% of the new cases 
native from German and 31.9% in 2015[22]. According to the latest data published for 2018, the 
number of cases was 4,389 with a rate per 100,000 inhabitants of 9.39%. To these cases, 260 more 
imported cases should be added. These data show a downward trend, since the number of cases 
in 2017 was 4,573 (rate per 100,000 inhabitants of 9.43) and in 2016, 4,934 cases [22]. In 2019, 4,791 
tuberculosis were registered in Germany, which corresponds to an incidence of 5.8 new cases per 
100,000 inhabitants. After a significant increase in 2015, the numbers first started to decrease in 
2017 and stagnated in 2018. Again in 2019 a significant decrease was achieved, the incidence has 
decreased by 12.8% compared to the previous year[24]. In this period of time, the results showed 
differences between age and origin, being the new cases of TB more prevalent between young 
people with nationals different from Germany (with a maximum incidence of 66.5 in of the 20-24 





In the case of healthcare workers there are data for both Spain and Germany that showed 
different results for LBTI. The last article in Spain [25] showed the prevalence increased 18.5% 
from 1988 to 2007, indicating a significant increased which differs from the data of the population. 
In the case of Germany, the prevalence was 7.2%, being the prevalence higher in workers older 
than 50 years old (22%), nurses (4.5%) and physicians (10.8%)[26]. The results showed that 
Spanish HCWs were at higher risk than the German HCWs, which could be as a result of the 
surveillance of TB in German HCWs[27] 
IV.3. Diagnostic, contact and MDR/XDR 
IV.3.1. Procedure for the diagnosis  
The immunological test procedures are based on the detection of a cellular type IV reaction to 
tuberculin or the in vitro reaction of T lymphocytes to selected antigens of M. tuberculosis. A 
reliable differentiation between active disease and latent tuberculosis infection is not possible 
with these methods. They are primarily used to detect LTBI. For the diagnosis of the active 
disease, they play only a minor role. The tuberculin skin test is a diagnostic test for the detection 
of tuberculosis [28]. The tuberculin skin test is used to check the reaction of T-lymphocytes to 
antigens of Mycobacterium tuberculosis. For this purpose, standardized, purified tuberculin 
extract is administered intracutaneously. The skin reaction is then tested. Previously performed 
tests such as the Pirquet sample or the Tinetest (stamp test) were abandoned[28,29]. 
In Germany and Spain, the Mendel-Mantoux method is used, and since 2005, the tuberculin 
PPD RT23 SSI of the National Serum Institute in Copenhagen has been used as the test substance. 
PPD stands for "purified protein derivative", an antigen mixture of tuberculosis pathogens 
produced according to internationally defined standards. If there is an immune reaction against 
tuberculosis, a delayed immune reaction (type IV) occurs within 72 hours after intracutaneous 
injection of the test substance, in which T cells react to the antigen and cause a local reaction. This 
screening test was based on 2 tuberculin units of PPD RT23 injected intracutaneously in 0.1 ml 
free water on the volar side of the forearm. This is equivalent to the injection of the 10 tuberculin 
units of Behring tuberculin that were previously used. The injection site is indicated by marking. 
The tuberculin skin test is read after 72 hours. A positive test result is obtained if the induration 
is greater than 5 mm. A reddening alone is meaningless. It should be noted that the skin test is 
almost always positive in patients with a BCG vaccination and that in this case tuberculosis can 
only be assumed if the induration is more pronounced (10-15 mm) (see also influencing factors). 





larger than desirables because of numerous influencing factors. Based on this, the tuberculin skin 
test is only appropriate for screening in populations with a high prevalence.  
In Germany, for example, it is only of limited suitability for screening and later diagnosis 
requires the interferon-gamma-release assay, which is considered the golden standard in terms 
of sensitivity and specificity[30]. This test is a valuable diagnostic tool, especially for patients with 
a positive tuberculin skin test but unclear clinical or radiological findings. The γ interferon test 
can also provide clarity in cases of doubt about a positive skin test, for example in patients who 
have been vaccinated with BCG. With the γ interferon test, it is also possible to quickly and 
relatively reliably test for latent tuberculosis or a possible infection after exposure to tuberculosis 
patients. As a sole examination they are not suitable to prove or rule out tuberculosis 
safely[6,31,32]. Both protocols (Spanish and German) [17,18] agree on this statement, 
nevertheless, this test requires specific diagnostic laboratories focused on airborne pathogens, 
like tuberculosis, which limited the number of samples that can be tested [14,33].  
Both, the tuberculin and interferon-gamma-relase assay are adequate option for the diagnosis 
in the case of healthcare professionals, whose risk is higher than other groups. This risk present 
for these professionals, from nurses to the laboratory technicians, implies a necessity of further 
control, follow up and adequate personal protective equipment[1,6,13]. Although a previous 
German study indicated that the screening of LTBI could be reduced to HCWs in unprotected 
contact with infectious patients or materials, it seems that preventive medical check-ups are still 
needed [27,34].  
Tuberculin (PT) tests according to the Mantoux technique and the IGRA (Interferon-Gamma 
Release Assay) are widely used in both Germany and Spain to identify infection. Germany and 
Spain agree in describing the disadvantages of the tuberculin test: problems of sensitivity (poor 
or non-existent response in patients with altered cellular immunity) and specificity. The 
interpretation of THT results can be complicated by a possible cross-reaction due to infection 
with non-tuberculous mycobacteria (NTM) or a previous BCG vaccination, which can lead to 
false positive results. IGRAs show a better specificity than the THT test with at least comparable 
sensitivity, since BCG vaccination and infection by most NTMs (except M. kansasii, M. marinum, 
M. szulgai, M. flavescens and M. gastrii) does not lead to a false positive reaction to the test result 






IV.3.2. Contact service and survillance 
The contact and posterior feedback is a main pillar in preventing the spread of TB or to 
correctly treat the people suffered from it [7,28]. In both protocols [17,18] the importance of 
contact persons is stressed. Contact persons are subject to the usual control measures required in 
the context of environmental examinations and attention must be paid to symptoms suspected of 
tuberculosis, in particular coughing of unknown cause. Particularly in the case of persons 
belonging to one of the particularly vulnerable groups (e.g. HIV-infected persons), tuberculosis 
should be included in the differential diagnosis at an early stage. Also, individuals precedent 
from countries or regions with higher rates of TB, such as Asia or Africa, whose prevalence of 
LTBI or TB are up to 80% in the population and have increased the prevalence and the rate of 
notification in European countries, like Germany[9,35]. 
IV.3.3. MDR-TB and XDR-TB 
MDR-TB is tuberculosis caused by pathogens that are resistant to two or more first-line 
tuberculostatics. MDR-TB is caused by tuberculosis bacteria that are resistant to isoniazid and 
rifampicin, for example[21]. If the tuberculosis pathogens are also resistant to second line 
tuberculostatics, one speaks of XDR-TB. A tuberculosis patient develops MDR-TB if, during 
treatment, the first line antituberculotics are incorrectly dosed or taken and thus become 
ineffective (lack of combination therapy). People with MDR-TB can be infectious and pass on the 
resistant pathogens to other people. Active ingredients for the treatment of MDR-TB are second 






Figure 9. Preventive treatment of latent TB 
MDR/XDR tuberculosis represents a major challenge for tuberculosis control in Germany and 
Spain, as well as the rest of Europe[36], and the interpretation of the microbiological results is 
complex (Figure 3). In order to choose the most useful therapeutic scheme for these patients, the 
most up-to-date recommendations will be followed, which classify the available drugs into three 
groups and ordered according to recent evidence regarding the balance of effectiveness and 
safety. 
Drug resistance and MDR-TB is mainly found in patients born abroad, but to a relevant extent 
also in adults born in Germany and also in children. Almost one in five of those affected is in a 








Chemoprophylaxis  Treatment of latent tuberculosis 
infection (LTBI) 
 
Initiation of drug treatment 
before an infection can be 
detected by THT or IGRA, 
before a reaction of immune 
system is detectable on 
contact with M. tuberculosis. 
The aim is to protect people 
who have been exposed to a 
potentially infectious 
outbreak to prevent infection. 
Ø Child contacts of a case 
of TB transmitted by 
the respiratory tract, 
mainly in <5 years. 
Ø People with HIV 
infection or 
immunosuppressed.  
Ø Always following a 
clinical criterion, other 
persons belonging to a 
group or outbreak. 
 
 Clinically, LTBI is defined by 
a positive result of an 
immunological test (IGRA 
and/or THT), provided there 
is no evidence of 
tuberculosis after thorough 
diagnosis. 
The aim is to prevent a 
person with an infection 
from developing clinically 
active disease. 
Ø Treatment will be 
carried out once the 
tuberculosis disease 
and the existence of 
liver disease, 
harmful use or 
addiction to alcohol 
or hypersensitivity 
to drugs to use ruled 
out. 
Ø This treatment 
usually lasts six 
months.  
Ø In people with HIV 
infection, children 
and carriers of 
residual lesions up 





from the African region (16.9 %). The countries of other WHO regions are currently playing in 
Germany epidemiologically only a minor role[24]. 
Persons born in a foreign country have a higher risk of developing resistant TB, this applies 
especially to the origin from countries of former Soviet Union (especially the Russian Federation 
and Kazakhstan). Due to the changed migration flows, however, there are now Germany, the 
African countries of birth, such as Somalia and Eritrea, also play an important role with regard 
to drug-resistant TB. To a small extent, however, native patients of complex-resistant tuberculosis 
are also affected. Therefore, the use of rapid resistance methods, not only, but especially when 
resistance is suspected, is of great meaning[23,37]. The treatment, period of time and duration 
was analyzed and compared (Table 2) showing differences between countries that have further 
explained as follows. 
Table 2. Treatment used in Germany and Spain 





Adults: 5 mg/kg 
Children: 10 mg/kg 
 
300 mg 9 months 
RMP Spain/Germany 
Adults 10 mg/kg 
Children 15 mg/kg 
 
600 mg 4 months 
INH + RMP Spain/Germany 




 3-4 months 
INH + 
Rifapentine (neither in 
Spain nor in Germany 
commercialized) 
Spain 
INH: >12 years 15 mg; 
2-11 years 25 mg. 
Rifapentine: 10-14 kg: 
300 mg 
14,1-25 kg: 450 mg 
25,1 – 32 kg: 600 mg 












>50 kg: 900 mg 
 
Children ≥ 2 years, 
Rifapentine dose based 
on weight 
approx.. 25 mg/kg (900 
mg maximum+ INH 25 
mg/kg (900 mg 
maximum) during 3 
months WHO 
recommendation 
According to the German Tuberculosis Prevention Guide [18], chemoprophylaxis in adults 
should be treated in this way: “Chemoprophylaxis is carried out in adults with INH 300 mg/d, 
unless resistance to INH is known in the index case. At the earliest eight weeks after the last 
contact with the infectious index case, the person must be tested again for LTBI (IGRA). If the test 
remains negative and the contact person is symptom-free, the INH therapy should be stopped. If 
the IGRA is positive, chemoprophylaxis is continued for a total period of nine months after 
exclusion of organ tuberculosis as preventive chemotherapy to prevent progression to 
tuberculosis. For children the chemoprophylaxis is done with INH (recommended dosage 10 
mg/kg body weight (KG).  Eight weeks after the last contact, in exposed newborns and young 
infants after the age of 3 months, the TB-exposed person should be tested again if the initial test 
result is negative.” 
As for the recommendations in Spain [17] “The PT is repeated at 8-12 weeks. If it is negative, 
the treatment will be interrupted, and if it is positive, it will be continued, previously ruling out 
the disease, until the guideline is completed. Chemoprophylaxis consists of the administration of 
300 mg/day of isoniazid in adults and 10 mg/kg in children, during a period of 8 to 12 weeks“. 
The chemoprevention is the therapy of LTBI which is indicated as the treatment of 
demonstrably infected patients with the aim of reducing the rate of later diseases through 
reactivations. Chemopropylaxis means whereas the prophylactic treatment of exposed persons, 
who have not yet been infected or whose infection is still is not detectable. Meanwhile, the 
chemoprophylaxis is the administration of tuberculosis drugs at the earliest possible time after 
exposure, when no immunological reaction in the form of a positive tuberculin skin test or a 
positive IGRA can be detected. It is intended to prevent the onset of a new infection in risk 





out with INH-monotherapy. Before this measure, an active disease must be radiologically 
excluded. If the IGRA or THT is negative after eight weeks of therapy, the prophylaxis can be 
terminated. If the result is positive, the therapy is continued as prevention for a total of nine 
months[28,37]. 
IV.5. Standard treatment in new TB cases 
The treatment of new cases of TB is similar to the previous described [28,37,38]. Likewise, the 
standard treatment in new TB cases is as follows in Spain:  "The standard guideline for any initial 
patient without suspected resistance will consist of two months with R, H, pyrazinamide (Z) and 
ethambutol (E), followed by a four-month maintenance with the first two drugs". And in 
Germany the procedure is the same: "The six-month standard therapy necessarily requires the 
use of the substances INH, RMP, PZA and EMB". In  both countries the indications and 
descriptions are following the recommendation made by the WHO[21]. The standard short-term 
therapy for pulmonary tuberculosis in adults is a 6-month chemotherapy, in which INH, RMP, 
PZA and EMB are given for the first two months (initial phase) and further treatment with INH 
and RMP is given for the following four months (stabilisation or continuity phase) (Table 3). If 
full drug sensitivity has been demonstrated, triple treatment (INH, RMP, PZA) may be 
considered in individual cases in the initial phase. In children, too, therapy for uncomplicated 
pulmonary tuberculosis is started in this way because of the pauzibacillary, i.e. low-bacterial 
characteristics[28,37,38]. 
Table 3. Treatment used in Germany and Spain 




INH, RMP, PZA, EMB 2 INH, RMP 4 
 
IV.5.1. BCG Vaccine 
With regard to the BCG vaccine, the reasons for leaving of vaccination were the low risk of 
Mycobacterium tuberculosis infection in Spain, the variable effectiveness of the vaccine against 
pulmonary TB in adults and the interference of vaccination with tuberculin test. 
The BCG vaccination is no longer recommended by the Standing Commission on Vaccination 





recommendations of the WHO, which has proposed that no general BCG vaccination should be 
carried out in populations whose risk of infection with tuberculosis is less than 0.1%.  The 
Robert Koch Institute is the central institution of the Federal Government in the field of disease 
surveillance and prevention. The core tasks of the RKI are the identification, prevention and 
control of diseases, especially infectious diseases, as well as the collection of data and the 
preparation of studies for the development of prevention recommendations in the health care 
system[24]. 
IV.6. Considerations and implications  
Tuberculosis is still the most common bacterial infectious disease leading to death worldwide. 
According to estimates of the World Health Organization (WHO), more than 20,000 people 
contract tuberculosis every day, and 5,000 die from it every day. The main burden of the disease 
particularly affects Africa, in the regions south of the Sahara, and Asia (including India and 
China). In Europe, the frequency of tuberculosis is distributed very differently and shows a clear 
east-west gradient with comparatively high numbers of new cases in the Eastern European 
countries[21,38]. 
The new decade will be decisive for the elimination of TB - an infectious disease that is generally 
easy to treat, but which nevertheless affects about 10 million people worldwide every year and 
causes about 1.5 million die. In its End TB Strategy, the WHO formulates the goal of reducing the 
incidence of TB worldwide by 90% and the number of TB deaths by 95% by 2035 compared to 
2015[38]. 
In recent years, however, many important steps have been taken towards TB elimination, thus, 
new diagnostic tests allow a comparatively simple, fast and reliable diagnosis of TB including 
testing for rifampicin resistance. To achieve the elimination of TB (defined as < 1 TB case/1 million 
population), drug resistance is one of the biggest obstacles[37]. The World Health Organization 
(WHO) estimates that in 2017, 558,000 tuberculosis cases worldwide were caused by bacterial 
strains who were resistant to rifampicin (RR), the most effective first-line tuberculosis drug. Of 
these, an estimated 82% had additional resistance to the second most important first-line drug, 
isoniazid (H), and by definition, multi-resistant tuberculosis (MDR-TB)[36]. 
In many places, health systems have been strengthened, vulnerable groups identified and 
access to health care improved. The introduction of several highly effective substances in the 





treatment. Progress is also being made in the preventive area, with the management of latent 
tuberculous infections (LTBI) of contact persons and other risk groups is recognized as an 
important part of successful TB control. In addition, several vaccine candidates are in clinical 
trials. 
Essential aspect of successful TB control is the level of knowledge of practitioners and health 
care personnel, but of course also of those affected with their environment. With the expansion 
and continuous updating of Internet presence, it provides a very good support for laymen and 
for qualified personnel and allows quick access to current national recommendations and 
guidelines. 
From the comparison of the protocols several key points can be concluded. Firstly, Spain and 
Germany have committed themselves to establishing guidelines for TB prevention in order to 
achieve the goals proposed by WHO at the global level. Both countries agree on case reporting, 
chemoprophylaxis, and treatment of latent tuberculosis. Also, as shown in the current review, 
diagnostic methods are comparable in both countries. Both aim to reduce the number of cases 
and to support patients in case of possible infection. Finally, an individualized assessment and 
subsequent monitoring must be taken into account to decide on the diagnosis in people in 
circumstances of risk arising from their socio-economic conditions, in particular those without 
home and children from countries with a high incidence of TB in adoption or migration processes. 
In addition, patient education, the constant search for the best treatment methods and a 
multidisciplinary team are very important for the well-being of patients and their families. 
Author Contributions:  
Funding: This research received no external funding 
Conflicts of Interest: The authors declare no conflict of interest 
References 
1.  Coppeta, L.; Pietroiusti, A.; Neri, A.; Janni, A.; Baldi, S.; Papa, F.; Magrini, A. Prevalence 
and Risk Factors for Latent Tuberculosis Infection among Healthcare Workers in a Low Incidence 
Country. Open Respir Med J 2019, 13, 1–4, doi:10.2174/1874306401913010001. 
2.  Bonville, C.; Domachowske, J. Tuberculosis. In Vaccines: A Clinical Overview and Practical 
Guide; Domachowske, J., Suryadevara, M., Eds.; Springer International Publishing: Cham, 2021; 





3.  World Health Organization Universal health coverage, multisectoral action and social 
determinants. In Global tuberculosis report 2019; World Health Organization: Geneva, 2019; pp. 
141–163 ISBN 978-92-4-156571-4. 
4.  European Centre for Disease Prevention and Control Despite 4% decline in EU/EEA TB 
cases, challenges remain in achieving targets Available online: 
https://www.ecdc.europa.eu/en/news-events/world-tb-day-2020-time-end-tb (accessed on Dec 1, 
2020). 
5.  World Health Organization Incidence of tuberculosis Available online: 
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/incidence-of-
tuberculosis-(per-100-000-population-per-year) (accessed on Dec 1, 2020). 
6.  Coppeta, L.; Pietroiusti, A.; Balbi, O.; Baldi, S. QuantiFERON-TB Gold Plus evaluation 
for latent tuberculosis infection among Italian healthcare workers: a cross-sectional study. 2019, 
doi:10.2427/13123. 
7.  European Centre for Disease Prevention; Control/WHO Regional Office for Europe. 
Tuberculosis surveillance and monitoring in Europe 2020 – 2018 data.; ECDC: Stockholm, 2020; ISBN 
978-92-9498-457-9. 
8.  Eurostat Standardised death rate due to tuberculosis, HIV and hepatitis by type of 
disease number per 100 000 persons Available online: 
https://ec.europa.eu/eurostat/databrowser/view/sdg_03_41/default/table?lang=en (accessed on 
Dec 1, 2020). 
9.  Dara, M.; Solovic, I.; Sotgiu, G.; D’Ambrosio, L.; Centis, R.; Tran, R.; Goletti, D.; Duarte, 
R.; Aliberti, S.; de Benedictis, F.M.; et al. Tuberculosis care among refugees arriving in Europe: a 
ERS/WHO Europe Region survey of current practices. Eur Respir J 2016, 48, 808–817, 
doi:10.1183/13993003.00840-2016. 
10.  Programmatic management of latent tuberculosis infection in the European Union; 
Europäisches Zentrum für die Prävention und die Kontrolle von Krankheiten, Ed.; ECDC 
scientific advice; ECDC: Stockholm, 2018; ISBN 978-92-9498-266-7. 
11.  Dobler, C.C.; Luu, Q.; Marks, G.B. What Patient Factors Predict Physicians’ Decision Not 






12.  Yousefi Avarvand, A.; Khademi, F.; Tafaghodi, M.; Ahmadipour, Z.; Moradi, B.; 
Meshkat, Z. The roles of latency-associated antigens in tuberculosis vaccines. Indian Journal of 
Tuberculosis 2019, 66, 487–491, doi:10.1016/j.ijtb.2019.04.012. 
13.  Hermes, L.; Kersten, J.F.; Nienhaus, A.; Schablon, A. Risk Analysis of Latent Tuberculosis 
Infection among Health Workers Compared to Employees in Other Sectors. IJERPH 2020, 17, 
4643, doi:10.3390/ijerph17134643. 
14.  Peters, C.; Kozak, A.; Nienhaus, A.; Schablon, A. Risk of Occupational Latent 
Tuberculosis Infection among Health Personnel Measured by Interferon-Gamma Release Assays 
in Low Incidence Countries—A Systematic Review and Meta-Analysis. IJERPH 2020, 17, 581, 
doi:10.3390/ijerph17020581. 
15.  Bilir, S.; Ghavam, E.; Sancak, L. The Comparison of Occupational Health and Safety 
Legislation of Different Countries from the View of Inspection.; El Paso, TX, USA, 2014; p. 7. 
16.  Belingheri, M.; Paladino, M.E.; Riva, M.A. Beyond the assistance: additional exposure 
situations to COVID-19 for healthcare workers. J. Hosp. Infect. 2020, 105, 353, 
doi:10.1016/j.jhin.2020.03.033. 
17.  PLAN PARA LA PREVENCION Y CONTROL DE LA TUBERCULOSIS EN ESPAÑA; 
Ministerio de Sanidad, Consumo y Bienestar social, Ed.; Ministerio de Sanidad, Consumo y 
Bienestar social: Madrid,Spain, 2019; 
18.  S2k Leitlinie 020-019: Tuberkulose im Erwachsenenalter; Deutsche Gesellschaft für 
Pneumologie und Beatmungsmedizin, Ed.; Deutsche Gesellschaft für Pneumologie und 
Beatmungsmedizin: Germany, 2017; ISBN 978-92-9498-266-7. 
19.  Tagliani, E.; Anthony, R.; Kohl, T.A.; de Neeling, A.; Nikolayevskyy, V.; Ködmön, C.; 
Maurer, F.P.; Niemann, S.; van Soolingen, D.; van der Werf, M.J.; et al. Use of a Whole Genome 
Sequencing-based approach for Mycobacterium tuberculosis surveillance in Europe in 2017–
2019: an ECDC pilot study. Eur Respir J 2020, 2002272, doi:10.1183/13993003.02272-2020. 
20.  Millet, J.-P.; Moreno, A.; Fina, L.; del Baño, L.; Orcau, A.; de Olalla, P.G.; Caylà, J.A. 
Factors that influence current tuberculosis epidemiology. European Spine Journal 2013, 22, 539–
548, doi:10.1007/s00586-012-2334-8. 
21.  Dara, M.; Acosta, C.; World Health Organization; Regional Office for Europe Roadmap to 





tuberculosis and multidrug-resistant tuberculosis; World Health Organization, Regional Office for 
Europe: Copenhagen, 2017; ISBN 978-92-890-5169-9. 
22.  European Centre for Disease Prevention and Control Surveillance Atlas of Infectius 
Diseases Available online: 
https://atlas.ecdc.europa.eu/public/index.aspx?Dataset=27&HealthTopic=54 (accessed on Dec 1, 
2020). 
23.  Herzmann, C.; Sotgiu, G.; Bellinger, O.; Diel, R.; Gerdes, S.; Goetsch, U.; Heykes-Uden, 
H.; Schaberg, T.; Lange, C.; For the TB or not TB consortium Risk for latent and active tuberculosis 
in Germany. Infection 2017, 45, 283–290, doi:10.1007/s15010-016-0963-2. 
24.  Brodhun, B.; Altmann, D.; Hauer, B.; Haas, W. Bericht zur Epidemiologie der Tuberkulose in 
Deutschland für 2018; Robert Koch-Institut, Ed.; Robert Koch-Institut.; Berlin, 2019; ISBN 978-3-
89606-300-7. 
25.  Casas, I.; Esteve, M.; Guerola, R.; García-Olivé, I.; Ruiz-Manzano, J. A Study of 
Tuberculosis Infection in Workers at a University General Hospital: Associated Factors and 
Evolution in 20 Years. Archivos de Bronconeumología (English Edition) 2011, 47, 541–546, 
doi:10.1016/j.arbr.2011.07.005. 
26.  Schablon, A.; Beckmann, G.; Harling, M.; Diel, R.; Nienhaus, A. Prevalence of latent 
tuberculosis infection among health care workers in a hospital for pulmonary diseases. Journal of 
Occupational Medicine and Toxicology 2009, 7. 
27.  Schablon, A.; Nienhaus, A.; Ringshausen, F.; Preisser, A.; Peters, C. Occupational 
Screening for Tuberculosis and the Use of a Borderline Zone for Interpretation of the IGRA in 
German Healthcare Workers. PloS one 2014, 9, e115322, doi:10.1371/journal.pone.0115322. 
28.  Suárez, I.; Fünger, S.M.; Kröger, S.; Rademacher, J.; Fätkenheuer, G.; Rybniker, J. The 
Diagnosis and Treatment of Tuberculosis. Dtsch Arztebl Int 2019, 116, 729–735, 
doi:10.3238/arztebl.2019.0729. 
29.  Parsons, L.M.; Somoskövi, Á.; Gutierrez, C.; Lee, E.; Paramasivan, C.N.; Abimiku, A.; 
Spector, S.; Roscigno, G.; Nkengasong, J. Laboratory Diagnosis of Tuberculosis in Resource-Poor 






30.  Tuberculosis: Clinical Diagnosis and Management of Tuberculosis, and Measures for  Its 
Prevention and Control; National Institute for Health and Clinical Excellence (UK): London, 2011; 
ISBN 978-1-84936-537-6. 
31.  Casas, I.; Latorre, I.; Esteve, M.; Ruiz-Manzano, J.; Rodriguez, D.; Prat, C.; García-Olivé, 
I.; Lacoma, A.; Ausina, V.; Domínguez, J. Evaluation of Interferon-Gamma Release Assays in the 
Diagnosis of Recent Tuberculosis Infection in Health Care Workers. PLOS ONE 2009, 4, e6686, 
doi:10.1371/journal.pone.0006686. 
32.  Kang, Y.A.; Lee, H.W.; Yoon, H.I.; Cho, B.; Han, S.K.; Shim, Y.-S.; Yim, J.-J. Discrepancy 
Between the Tuberculin Skin Test and the Whole-Blood Interferon γ Assay for the Diagnosis of 
Latent Tuberculosis Infection in an Intermediate Tuberculosis-Burden Country. JAMA 2005, 293, 
2756–2761, doi:10.1001/jama.293.22.2756. 
33.  Kim, S.J.; Lee, S.-H.; Kim, I.; Kim, H. joong; Kim, S.; Rieder, H. Risk of occupational 
tuberculosis in National Tuberculosis Programme laboratories in Korea. The international journal 
of tuberculosis and lung disease : the official journal of the International Union against Tuberculosis and 
Lung Disease 2007, 11, 138–42. 
34.  Hermes, L.; Kersten, J.F.; Nienhaus, A.; Schablon, A. Risk Analysis of Latent Tuberculosis 
Infection among Health Workers Compared to Employees in Other Sectors. IJERPH 2020, 17, 
4643, doi:10.3390/ijerph17134643. 
35.  Ködmön, C.; Zucs, P.; van der Werf, M.J. Migration-related tuberculosis: epidemiology 
and characteristics of tuberculosis cases originating outside the European Union and European 
Economic Area, 2007 to 2013. Eurosurveillance 2016, 21, 30164. 
36.  van der Werf, M.J.; Sprenger, M. Drug-resistance - a challenge for tuberculosis control in 
the European Union and European Economic Area. Eurosurveillance 2014, 19, doi:10.2807/1560-
7917.ES2014.19.11.20737. 
37.  Heyckendorf, J.; van Leth, F.; Avsar, K.; Glattki, G.; Günther, G.; Kalsdorf, B.; Müller, M.; 
Olaru, I.; Rolling, T.; Salzer, H.; et al. Treatment responses in multidrug-resistant tuberculosis in 
Germany. The international journal of tuberculosis and lung disease : the official journal of the 






38.  Sosa, L.; Njie, G.; Lobato, M.; Morris, S.; Buchta, W.; Casey, M.; Goswami, N.; Gruden, 
M.; Hurst, B.; Khan, A.; et al. Tuberculosis Screening, Testing, and Treatment of U.S. Health Care 
Personnel: Recommendations from the National Tuberculosis Controllers Association and CDC, 















Chapter V. Occupational Safety and 
Health Training for Undergraduates 





















Chapter V. Occupational Safety and Health Training for Undergraduates Nursing Students: 
A Spanish Pilot 
Esther Vaquero-Álvarez 1, Antonio Cubero-Atienza 2, María Pilar Martínez-Jiménez 3,4, 
Manuel Vaquero-Abellán 5,6, María Dolores Redel-Macías 2 and Pilar Aparicio-Martínez 5,6,* 
1 SRH Kliniken Landkreis Sigmaringen, Hohenzollernstraße 40, 72488 Sigmaringen, Germany; 
esther.vaquero@srh.de 
2 Departamento Ingeniería Rural, Ed Leonardo da Vinci, Campus de Rabanales, Universidad de 
Córdoba, 14071 Córdoba, Spain; ajcubero@uco.es (A.C.-A.); ig1remam@uco.es (M.D.R.-M.) 
3 Applied Physics, Radiology and Physics Medicine Department, Albert Einstein Building, Campus de 
Rabanales, Universidad de Cordoba, 14014 Cordoba, Spain; fa1majip@uco.es 
4 Simulation Models in Energy, Transport, Physics, Engineering, Occupational Hazard Researcher 
Group, Junta de Andalucía, and Dpt. Applied Physics, Albert Einstein Building, Campus de 
Rabanales, Universidad de Cordoba, 14014 Cordoba, Spain 
5 GC12 Clinical and Epidemiological Research in Primary Care, Instituto Maimónides, Campus de 
Menéndez Pidal, Universidad de Córdoba, 14071 Córdoba, Spain; en1vaabm@uco.es 
6 Departamento de Enfermería, Fisioterapia y Farmacología, Campus de Menéndez Pidal, Universidad 
de Córdoba, 14014 Córdoba, Spain 
Abstract: Most of blood borne and airborne pathogens are highly contagious, harmful and have 
prevalence among healthcare workers. In this group, healthcare students, especially nursing 
undergraduates, have even higher risk to be exposed and suffered a contagious accident. One 
of the main pillars to prevent exposure to such pathogens and decrease accidents seems to be 
through education. A prospective observational educational research focused on quantifying 
the students’ knowledge, and prevention culture was carried out. The educational approach 
based on the development of a technological tool, its integration in the students’ education, and 
posterior assessment. The Chi-square, ANOVA, Kruskal–Wallis, Man–Whitney U, and 
Spearman correlations were used to determine the effect of such educational methodology. The 
results, previous to the integration of the educational approach, showed differences between 
the elementary and proficient knowledge and correct procedure in each academic year (p < 0.05), 
being the best year the third academic year. The mean of elementary knowledge among second 
year students after the inclusion of the educational methodology improved for 2017/2018 with 
a mean of 7.5 (1.11) and in 2018/2019 with 7.87 (1.34). This study argued that the educational 
approach proposed could improve the prevention culture and knowledge among students and 
future healthcare professionals. 






Since the first time that biological exposure to blood was studied by Ramazzini [1], more 
pathogens have been described as hazardous, being up to 44% of them viral [2]. Most of the 
current harmful microorganisms are blood borne, such as human immunodeficiency virus 
(H.I.V.), and airborne pathogens, such as tuberculosis, being highly presented in the daily day of 
healthcare workers [3,4]. These workers are at risk of being exposed to diverse pathogens, from 
mortal (i.e., Ebola) to highly contagious viruses (i.e., Sars-covid-19) via material or surfaces and 
corporal fluids[5,6]. 
This threat among healthcare workers continues to be presented and has economical and 
health repercussions in the healthcare systems and the workers’ physical and mental health [5,6]. 
In order to decrease this hazard, several educational programs have been created and 
implemented to raise awareness among healthcare workers regarding risk and prevention, 
including hand washing or disposal in specific resistant containers [7]. At the same time, 
organizations and political structures, such as National Health System in England [5], have 
created prevention policies and updated guidelines to decrease the jeopardy of exposure among 
healthcare workers, protect their health, and concise these workers [8–10]. 
Among the measures taken by the organizations, the education (initial or continuous 
training) of their healthcare worker has been of the main pillars to prevent biological exposure 
and accidents [11]. Despite the modifications and inclusion of initial and continuous training 
carried out during more than two decades, the level of knowledge and compliance with universal 
precautions procedures continues to be limited [12,13]. This difficulty in achieving optimum 
levels of knowledge seems to be linked to the reduced safety culture [14]. The safety culture, 
which can be defined as values shared among workers regarding what is considered necessary 
among the healthcare workers, has been defined as a key point for occupational and health 
measures in different working areas [14]. One stage of the workers’ life that the learning process 
is more dynamic and adapting to changes is in the university years [8]. 
As future young workers, healthcare students are more drive to engage themselves in risky 
situations that they are not prepared to face, based on their willingness to take on challenges and 
more responsibilities. Moreover, the students rarely received information regarding the rate of 
the biological accidents that they had suffered during the practice [15]. Among the undergraduate 
healthcare students, the nursing students have a higher risk of exposure to pathogens because of 
their direct contact with the patients, lack of knowledge and safety culture, and more willingness 
to take risks [16]. Furthermore, data about biological accidents among nurses’ students continues 





China [19]. Moreover, only a few researchers have recently studied the incidence of biological 
accidents, knowledge and safety culture among nursing students in Spain [20]. 
V.2. Background 
The evaluation of knowledge among healthcare students has been considered an upholder 
at improving their education and their safety culture, resulting in compromising the occupational 
health and security measures taken by the students [21]. The development of new educational 
methodologies [22] to improve the training and knowledge about preventing an accident and 
protocols post-exposition are a main key to improve the students safety culture. Simultaneously, 
educational institutions and researchers have created models and new methodological 
approaches based on computers and other information and communication technologies (I.C.T.s) 
to be integrated in the classroom [12]. These new methodologies search to adapt and develop 
platforms or applications via gamification or interactive environments, such as virtual reality, 
according to the organizations, students or professors’ needs [23,24]. All these tools are integrated 
into a platform or used individually, allowing ubiquitous, electronic or blended learning [25]. 
Previous works have accomplished several functional software applications available for mobile 
devices focused on nursing students [24,26]. 
Therefore, new teaching methodologies, based on ICTs and focused on improving the 
training and information about biological accidents and prevention, holds a great importance for 
nursing students [27]. These technologies were created to develop tutorials, games, virtual 
laboratories, videos, simulations, and virtual reality [24,27]. These technological and educational 
tools developed in computer-based training have four pillars to achieve their intended goal 
(feedback, appealing experience, creative design, and assessment of designed program) [28]. 
These pillars seem to positively improve the knowledge and training educational approaches via 
applications [28]. 
Nevertheless, current platforms, focused on risk prevention and occupational training and 
for undergraduate nursing students, continues to be lacking, which could make more difficult to 
improve their safety culture. Despite the incidence, low rate of prevention measures compliance, 
and safety culture [29], the current nursing students seemed not to be a priority, being included 
in the articles more as secondary actors [17]. Nevertheless, the education, aptitude, and 
knowledge of the undergraduate nursing student will define them as healthcare workers, and 
the future of the safety culture in this specific group [30]. 
Based on the previous statements, the current study had as main objective to determine the 
efficacy of the platform created, as a training tool, to improve the knowledge and safety culture 





previous to the inclusion of the training tool, which was framed in an educational methodology, 
and the students’ opinion. 
V.3. Materials and Methods 
The current study presents a prospective observational educational research focused on 
quantifying the students’ knowledge and prevention culture after introducing the educational 
approach based on a blended learning. In addition, cross-sectional studies were carried out to 
determine the students’ knowledge and occupational culture’s consecutive measures and 
posterior knowledge and opinion after including the platform. 
V.3.1. Educational Approach 
V.3.1.1. Creation of the Platform 
The platform (https://www.uco.es/investiga/grupos/LVRiesgosLaborales/formacion-
sanitaria/) has been created using CakePHP as the primary programming language, and for the 
architecture pattern, it uses the control view model. Other languages, such as HTML5, CSS3, 
JavaScript with jQuery, JSON, and Ajax, were used. The design diagram mainly divided the 
coding into three layers: the model, view, and controller. This structure allows useful, resourceful, 
adaptable, and friendly software following the principle of “at any place and at any time”. This 
platform was divided into different sections depending on the user, administrator, and system 
programmer. This web was structured into tutorials, e-games, image galleries, valuation surveys, 
virtual laboratories, and help. The tutorials include a title, short description, and an image. The 
e-games was created mainly by using HtmL5, resulting in a more playful, visual, and short data 
training. An example of the games (Figure 1) focused on finding airborne and blood borne 
pathogens, visually appealing and more effective. The image galleries show a title, short 
description, and links to other webpages or further information. The valuation surveys were 
based on the Kahoot program. This survey was used during the training and information sessions 
in the theoretical subjects and clinical practice before the actual practice. Finally, the virtual 
laboratory focused on creating an interactive environment being accessible at any time. 
Moreover, a connection to social networks, such as Facebook and Twitter, were included. These 
sections were developed to integrate the primary information, images, and straightforward 






Figure 10. Example of a game in which the students need to locate the pathogens’ situation around the 
working environment. Note: the circle colored in red is the light cable where the pathogen is placed 
The platform creation was based on the fourth pillars (Figure 2) relating to gamification as 
an effective method for adapting and evaluating this platform as a prevention learning tool. This 
e-learning system’s design focused on stimulating knowledge acquisition and sought to apply a 
more dynamic teaching process being modified according to create a more appealing experience 
for the user. 
 
Figure 11. Flowchart of the integration of the fourth pillars in the structure of the educational 
methodology 
Additionally, the platform’s design allowed several modifications to its content and the 





more complex intravenous puncture situation since the students could not access patients (Figure 
3). 
 
Figure 12. Virtual laboratory with the last modification following the impossibility to access patients 
V.3.1.2. Educational Paradigm and Procedure 
The educational paradigm was based on combining in the classroom of face-to-face learning 
experiences with the platform created as an online learning experience, which can be defined as 
blended learning [31]. This educational paradigm focused on a quantitative or empiric approach, 
including the immediate results and the students’ opinion, eliminating the qualitative approach 
[32], following the theoretical models of blended learning [31]. This approach was selected to 
achieve the theoretical framework of the blended learning paradigm, focusing on exploring the 
state of the safety culture previous the use of the platform and possible associations [31]. The 
evaluation method was the context, input, process, and product (C.I.P.P.) method [33], by which 
five specialists in the prevention of occupational risk and engineering determine the area of 
improvement. These improvements focused on coding and structure being used in the platform. 
For the students’ acquirement of knowledge and skills, the teachers were presented in the 
classroom when it was presential to explain and use the platform, creating an assisted blended 
learning. However, the platform’s versatility allows modification of the learning process from 
blended to virtual learning, as it happened with the pandemic and posterior lockdown [34]. 





platform. This is why, for this educational process to be successful, the teachers provided help 
and support in acquiring prevention knowledge through communication and obtaining feedback 
on the students’ progress and their way of working. Finally, the students carried out a test to 
evaluate their knowledge after using the educational platform. The teaching and training were 
carried out during the first and second semesters. After the clinical practices, the students 
responded to an interactive survey in which the students’ knowledge about prevention was 
measured. The only exception was in the second semester of the course 2019/2020, in which the 
clinical practices were paused. 
V.3.2. Determination of the Students’ Knowledge 
V.3.2.1. Data Collection 
Before completing the platform, a sample of nursing students from different academic years 
was recruited, who voluntarily accessed the survey online during May and June in 2016. This 
recruitment sought to determine each academic year’s level of knowledge and possible lack of 
safety culture. The survey was distributed after ethical approval from the Ethics Committee of 
the University in 2015 (Reference 428). The survey, distributed at the end of the clinical practice 
in the second semester, included the description, objective, and the consent to participate that 
student signed. The nursing students received several theoretical practices and simulations 
before the clinical practices started. These students’ information and training focused on 
prevention measures, protocols, seroconversion incidence, and post-exposure procedures. It is 
important to note that the European credit for a nursing degree corresponds to 20 h/credit. Each 
academic year was formed by 120 students (110–130), although the students from the first year 
were excluded from the study. The nursing students were from the second, third, and fourth 
academic year, that belonged to the Medicine and Nursing School and had already been in 
hospital practices 
The platform’s assessment, focusing on design and appeal, was carried out from March to 
April 2017. These students chosen for the evaluation of the structure were from the second year, 
that did not receive the prevention training with the platform, and they evaluated the initial 
platform by pointing out improvements and possible changes that could be implemented. The 
posterior analysis received the approval of the updated protocol from the reference Ethics 
Committee in 2019 (Number 288, Reference 4258). The educational approach’s estimation based 
on a survey of students’ knowledge, being carried in the following years up to 2020 (May 2020), 
evaluated a total of 267 students for the three years. Finally, the students notified whether they 





have an accident because of the lack of clinical practices. The difference between having a higher 
level of knowledge and not experiencing a biological accident was studied. The results were 
compared to the knowledge and incidence of biological accidents from students between courses 
(2016/2017, 2017/2018, 2019/2018, and 2019/2020). 
V.3.2.2. Instruments 
Before the inclusion of the educational technology, a survey that combined the 
questionnaires created by Merino-de la Hoz et al. in 2010 and Orozco in 2013 was used to 
measures the students’ knowledge [35,36]. The survey was composed of 48 questions, based on 
38 closed answer items and ten open answers. The ten available answer questions were focused 
on the type of biological accident, year of the accident, experience, and post-exposure measures 
taken. The response was one per student, without the option to retake the survey. The sample’s 
descriptive data were age, gender, academic year, undergraduate background, and working 
experience. The survey was segmented into three main blocks. The first block focused on 
knowledge regarding prevention actions and biological agents. In addition, this block is divided 
into two sections: elementary and proficient knowledge. The elementary knowledge was based 
on universal prevention measures such as hand washing or personal protection equipment. 
Differently, proficient knowledge focused on specific data regarding prevention, occupational 
safety, and risks, such as seroconversion or treatments. The second block focused on the correct 
procedures during the practices, such as following the isolation protocols or changing gloves. 
Finally, the final block centred on the incidence of biological accidents, the factors contributing 
to the accident, and the measures taken after the incident (Table 1). 
Table 1. Structure of the survey used on the students. 





Ten questions about 
elementary prevention 
measures 
Select the prevent 
universal actions  
Proficient Knowledge 
Ten questions about 
specific information 
Human 
inmunodeficiency virus  







Procedures during the 
practices 
Eight questions about 
preventing universal 
measures and avoiding 
incorrect procedures 








Ten questions about the 
biological accident and 
procedure post-exposure 
What type of biological 
accident did you have? 
The platform’s assessment was accomplished by filling an in-person survey and included 
their personal opinion about the platform, being carried out from March to April 2017. This 
survey was based on a five-point scale, from one (minimum) to five (maximum) and according 
to the work of Garret Jackson in 2006 and Lahti M et al., 2014 [37,38]. The survey was segmentized 
into three segments, the education received previously (effectiveness of this education received 
previously (E1), the efficacy of the training to prevent biological accidents (E2) and frequency of 
using such training (E3)), valuation of the platform (easy use of the platform (V1), the utility of 
the gallery (V2), the usefulness of the tutorials (V3), usability and practicality of the virtual 
laboratories and games (V4) and use of social networks in which were included news and 
updated information (V5)) and finally their opinion of the platform as an interactive training 
(games and practice methodologies (O1), tutorials and practice information (O2), virtual 
simulations (O3), graphics and visual tools (O4) and interactive learning methodologies such as 
the platform developed (O5)). Two additional questions were included. The first focused on the 
students’ satisfaction concerning education, and the second was based on the students’ opinions 
about including games or other methodologies for occupational safety education. 
The survey to determine the knowledge of the students’ posterior to the use of the platform 
was based on the survey by Merino-de la Hoz et al. and Orozco [35,36], focusing on the ten 
questions regarding the elementary knowledge. These surveys were adapted using “Kahoot!” an 
interactive software to fill in the survey or Moodle platform, obtaining a sample of approximately 
110 students per academic year, except for 2020, that only 48 students filled it. 
The programs used were Excel version 2017 (Microsoft Corporation, Redmond, WA, USA) 
and S.P.S.S. program version 25 (IBM SPSS Statistics, Armonk, NY, USA) for the statistical 
analysis. All the data was saved in a cloud available only to the researches. For the sample 
calculation, the E.P.I.D.A.T. version. 4.2. (Servicio de Epidemioloxía de la Dirección Xeral de 
Saúde Pública del Servicio Galego de Saúde (S.E.R.G.A.S.), Galicia, Spain) was used. The number 





level of 95%. The initial predicted size was 100 students, though the actual size obtained was 
lower. The sample size for the validation of the students’ opinions was calculated from a standard 
deviation of 1.5, a 5% precision, and a confidence level of 95%. 
V.3.2.3. Statistical Analysis 
The data were analyzed, and the normalization was studied using the Shapiro–Wilk test for 
the data before the inclusion of the educational approach. This analysis showed that the variable 
elementary knowledge was normalized, though the remaining variables were not standardized. 
The correct procedures variable was transformed into a quantitative variable based on a scale of 
10, and a global variable focused on global preventive knowledge was created using the score 
obtained from the elementary and proficient preventive knowledge. The descriptive and 
frequencies were studied individually for each year, and the chi-test was used for assessment of 
the qualitative variables, i.e., the incidence of biological accidents and academic year. The student 
t-test was applied to knowledge, ANOVA test of variance for the academic years, and Kruskal–
Wallis, Man–Whitney U, and Spearman correlations were used for comparisons. 
The analysis of the comparison of each course (2016/2017, 2017/2018, 2019/2018, and 
2019/2020) focused on frequencies and chi-square to determine the difference between each 
course, elementary knowledge of the students, and incidence of biological accidents. 
Additionally, for the courses, after the inclusion of the platform, being 2017/2018, 2019/2018, and 
2019/2020, each correct answer was measured via scores, resulting in a mean of correct answers 
and standard deviation. 
V.4. Results 
The initial analysis of the data from the 2016/2017 course showed that only 22.6% of the 
population carry out the survey, representing 80 students out of the 354 sent the survey. This 
analysis also showed that 81.3% were women aged between 22 and 23, with an undergraduate 
background in health (45%), i.e., laboratory technicians, and 11.3% of the sample was working. 
The students were 27.5% from the second year, 43.9% from the third year, and 28.7% from the 
fourth year—87.5% from Spain, 10% from Portugal, and 2.5% from Eastern countries, i.e., Poland. 
Furthermore, 13 students suffered a biological accident, although the remaining data about such 
an accident was obtained for 12 students. 
The correct response frequency between the elementary and proficient knowledge and 
correct procedure in each academic year was different (Table 2). The data showed a low level of 
correct answers according to knowledge and proper occupational safety and health measures 





prevention knowledge and occupational safety and health (O.S.H.) measure than the second and 
fourth academic years. The students from the third had tighter confidence intervals compared to 
the second and fourth year, with the lower interval set on four. The students’ global knowledge 
was sufficiently obtaining the maximum in the third, with tighter intervals compared to the 
second and fourth academic year (Table 2). In addition, the higher value of O.S.H. measures was 
obtained in the third year with a 0.8 difference between the intervals. Furthermore, the maximum 
values for elementary and proficient knowledge were obtained in the third year (maximum = 10; 
maximum = 6), followed by the second year for the elementary knowledge (maximum in 
elementary knowledge = 9; maximum in proficient knowledge = 4) and the fourth-year or 
proficient knowledge (maximum in elementary knowledge = 8; maximum in proficient 
knowledge = 5). 





































6.6 (1.3) 6.0–7.2 5.1 (0.7) 
4.8–
5.4 
Third Year  35 7.4 (1.2) 7–7.8 3.6 (1) 
3.2–
3.9 











5.0 (0.8) 4.6–5.3 5.0 (0.8) 
4.6–
5.3 
The relationship between the elementary and proficient knowledge and correctly carrying 
out the O.S.H. procedures was analyzed regarding the students’ academic year (Table 3). All 
variables’ data were studied between groups, showing a significant difference between 
elementary and proficient knowledge (p < 0.05). The results showed a difference between groups 
(second, third and fourth academic year) and the elementary and proficient knowledge, although, 
for the correct procedure, no significant difference was found among the groups (p > 0.05). The 
outcomes of this examination showed higher levels of correct answers regarding proficient 
knowledge in the third year compared with the second academic year (p < 0.05). This result was 
similar when compared second and fourth for the proficient and elementary knowledge, showing 
higher correct answers in the students from the fourth to the second academic year (p < 0.01). The 





knowledge (p > 0.05) and, in contrast, higher differences for the elementary knowledge (p < 0.01). 
Although the correct O.S.H. measures were not linked to a higher probability of suffering a 
biological accident, the O.S.H. was associated with higher notions of elementary knowledge (p < 
0.05). 
Table 3. Relationship between knowledge and correct procedure according to each academic 
year. 
Blocks  3rd Academic Year 2nd and 3rd  2nd and 4th  3rd and 4th 
Elementary Knowledge <0.01 >0.05 <0.01 <0.001 
Proficient Knowledge <0.01 <0.01 <0.05 >0.05 
Correct Procedure  >0.05 >0.05 >0.05 >0.05 
The frequencies presented 9.1% of second-year students, 14.3% third year, and 26.1% fourth 
had a hazardous accident with exposure to an airborne or bloodborne pathogen. Nevertheless, 
most of the students experienced this accident in their second (38.5%) or fourth academic year 
(38.5%), being less common to have it in third year (15.4%). The correlations showed a 
significance relationship between having a biological and, accident elementary (Spearman’s = 
−0.29; p < 0.01) and proficient (Spearman’s = 0.27; p < 0.05), and correct procedures (Spearman’s = 
−0.23; p < 0.05). Nevertheless, the mean of correct response comparing safety culture (knowledge 
and correct procedure) was insignificant for suffering (mean = 5.2) or not a biological accident 
(5.6) (p > 0.05). Another analysis focused on being a graduated health technician, and a lower 
probability of a biological accident was carried out, showing significant differences between 
being a graduated and not suffering biological accident (chi-square = 7.13 and p < 0.05). 
Out of the students that indicated an incident (16.3%), only 92% included the type of 
accident, zone, cause, notification, and medical follow-up. The type of biological accident (N = 
12) and the reason for the accident were studied. The most frequent accident was needlesticks 
(41.7%), followed by sharp injuries (33.3%), blood exposure (16.7%), and cuts (8.3%). The zone 
more common was fingers (83.3%), followed by arms (8.3%) and face (8.3%), and the most 
frequent cause was lack of knowledge or practice (41.7%), followed by rush (33.3%), inadequate 
use or knowledge regarding prevention instruments (16.7%) and carelessness (8.3%). The results 
showed that the most common cause in the second year was a lack of knowledge regarding the 
procedures (2/4). Meanwhile, the cause more common in the third year was the lack of knowledge 
regarding the specific procedures (2/3). Finally, in the fourth year, the reason for the accidents 





Besides, the analysis of the platform carried out in 2017 (N = 40 students from the second 
academic year) showed a positive opinion regarding the prevention education received (3.1/5), 
the platform created as an interactive prevention intervention (3.9/5), and the students’ opinion 
about this technological tool for training (3.8/5). These students ranged from 19 to 20 years old 
(medium = 20 years old), analyzing the platform previous their first clinical practice in the 
hospital. Out of the 40 students, 36 were women with previous healthcare professional training 
(11.1%). The most common described was “adequate and helpful” (68%). Each variable of the 
students’ assessments regarding the platform was studied, showing the lowest value the previous 
training regarding O.S.H. measures and prevention (E3) (Figure 4). Figure 4 showed how social 
media (V5) had a higher positive evaluation (4.15). The next higher evaluation was the virtual 
laboratories and games (V4) (4.05), described as highly usable and appealing. Out of the 120 
students asked about the platform, and the O.S.H. training, only 17% indication an acceptable 
grade of satisfaction with the O.S.H. education received. The students’ responses about the 
interactivity and possible use of the platform learning methodologies obtained the maximum 
ratings (5/5). Almost all of the students (97.2%) indicated their preference for including this 
technology, mainly through games, by which the platform’s content was modified. 
 
Figure 13. Assessment of the platform created based on the students’ opinions 
Finally, the comparative analysis between the results of the survey for students on the 
second academic year in the course 2017/2018 (N = 111) and 2018/2019 (N = 110) showed 
significant differences in elementary knowledge (p < 0.01) and biological accidents (p < 0.05) when 
compared to the course 2016/2017. The means of correct answers regarding the elementary 
knowledge suffered an increase of a minimum of 0.2 points, although the standard deviation 
increased. In this sense, in 2017/2018, the mean was 7.5 (1.11) and in 2018/2019 was the best with 
7.87 (1.34). The frequency of correct answers for the survey was higher in 2018/2019 (70.3%) than 
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= 60), showing a mean of correct answers of 7.32 (1.04), being almost equal to the course 
2016/2019(p > 0.05). In biological accidents, the frequency of students who suffered a biological 
accident in the second academic year decreased by up to 1.9%. 
V.5. Discussion 
The results seemed to reflect on how the educational paradigm improved the student’s 
learning and possibly improved the prevention culture’s base. The most prominent finding to 
emerge from the analysis is that these technologies seemed to be useful as a complementary 
prevention tool for improving knowledge and decreasing biological accidents. This result 
matches the results from Bejan et al. [39] that indicated how the I.C.T.s improve the acquisition 
of safety-related knowledge among students even after a year of receiving training with I.C.T.s. 
Despite the initial results, an outstanding outcoming was that using only a virtual methodology 
without the student in the classroom seemed to be less effective than using the classroom 
technology with the students. These results matched the results from Kintu et al. in 2017, that 
concluded how the combination of technical quality, online tools, and face-to-face support 
increase the results and even satisfaction [40]. 
The results of safety culture, knowledge, and correct procedures showed medium and even 
low levels. The analyses showed that higher levels of knowledge and frequency of correctly 
performing the procedures during the clinical practices were linked to lower biological accidents. 
These results seem to match the findings of Wang et al. that proved how, with previous training, 
students had more prevention knowledge and had better occupational safety [41]. Moreover, 
these results are similar to be studies that highlighted the insufficient knowledge that healthcare 
workers have regarding O.S.H. measures and safety culture [15]. 
The O.S.H. measures did not improve with the academic years’ pass, rather the opposite, 
which could be explained as an integration of the ideas from the healthcare workers’ safety 
culture, whose actions or procedures are based on technical repetition and less guided by 
protocols or prevention measures [42,43]. During the clinical practices, riskier behaviors were 
linked to the exposure to airborne and blood pathogen, which was concerned with previous 
studies that linked risky behaviors and a higher probability of needlesticks and sharp injuries 
[18,19]. 
Another important finding was that elementary and proficient knowledge was related to 
suffering exposure to a pathogen. The result presented a positive correlation between proficient 
knowledge and biological accidents, indicating how students with higher knowledge regarding 
prevention or occupational safety suffered from more probability of biological accidents. These 





more in-depth understanding of the prevention measures but suffered accidents [44]. These 
results may be related more to safety culture since the knowledge is presented, but the actions or 
significance given to the knowledge continues to be dismissed [14]. Other impressive results were 
the frequency of biological accidents that was lower than other studies, like Zhang et al., that 
indicated up to 60.3% of nursing students suffered a needle stick or sharps injuries [19]. A 
European study recently indicated up to 14.8% of biological accidents among healthcare students 
and residents [17]. This variation of frequency of biological accidents might be related to the 
students’ range or the previous training, which could explain the similarities between the Italian 
and the current study. Based on these results, the safety culture and occupational safety and 
health measures could be limited among students, although protocols or new methodologies 
have been created [45]. 
The platform created was evaluated as a competent preventive tool, although the most 
exciting finding was that the platform’s features with better valuation were the sections based on 
feedback and gamification. These results seem to match previous publications that stated the 
positive outcomes and valuation of such technologies, especially games as simulations to real 
scenarios and improving the O.S.H. measures among workers [46]. 
An explicit limitation of this study is that the sample of students who incorporated the 
surveys showed little interest from the students regarding improving preventive measures. This 
manuscript presents a pilot study that may result in a more in-depth analysis of biological 
accidents and related factors. In addition, another limitation was that the platform is only 
available in Spanish. Moreover, another source of uncertainty regarding the findings is the 
possibility of being transferred prevention knowledge to second-year students. These findings 
may be somewhat limited by the method of analysis and recruitment of the data. Finally, another 
limitation of the study was the time skipped between obtaining the biological data and current 
importance. 
Further research would explore the inclusion of simulations via role play and virtual reality, 
described as highly significant (end-life, serious games), as interactive training combined with 
the technology created and technical information. 
V.6. Conclusions 
This paper has argued that new teaching methodologies based on I.C.T.s as a blended model 
could improve the prevention culture and knowledge among students and future healthcare 
professionals. 
In addition, based on the study previous to the inclusion of the educational paradigm, it has 





students’ knowledge and carry out correctly the O.S.H. measures. This study has identified that 
the ideal year to adequate and highlight the O.S.H. measures would in the beginning of the half 
of the degree, achieving the best results in the third academic year. This result was a key point, 
since the educational methodology was decided to take place in the second year to provide 
adequate knowledge since the early stages of the learning process of the nursing students. In 
general, the results have discussed how the elementary preventive knowledge and correct O.S.H. 
measures during the clinical practice procedures might be protective factors against exposures to 
pathogens. These data supposed a strong base for improving the students’ knowledge and O.S.H. 
measures via the platform and using preferable a blended method. 
After in the inclusion of the platform, its assessment showed that students’ opinions 
regarding the inclusion of this educational approach based on technology was satisfactory. The 
posterior analyses of the elementary knowledge and incidence of biological accidents 
demonstrated the platform’s potential as a useful and practical preventive tool for the nursing 
students, but healthcare workers could also use it for their continues training. The findings of this 
platform’s probable effectiveness in the decrease of the exposures may contribute in several ways 
to the prevention of occupational accidents. Additionally, the findings provide further 
information regarding new interactive learning methodologies and provide a basis for future 
investigation, based on further gamification, virtual reality, and artificial intelligence. 
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Abstract: Healthcare workers are exposed to different biological pathogens, which implies a risk 
to their health and cost to the system. In this population, the rate of accidents and diseases related 
to work is higher than desired (up to 3.2%). The exposure of these agents depends on a series of 
factors, among which the preventive interventions carried out stand out as a critical point. 
Airborne pathogens and, therefore, chronic respiratory diseases, such as tuberculosis, are highly 
contagious and have severe effects on the workers' health, such as Mycobacterium tuberculosis 
or the sars-covid-19. The symptoms take time to manifest, and the driveway is the airways, which 
allows the worker not to notice the exposure after the symptoms start to begin. Several 
educational plans have been generated and implemented to raise awareness among healthcare 
workers regarding risk and prevention; simultaneously, organizations and political structures 
have created prevention policies and updated guidelines. 
Nevertheless, previous studies have highlighted that the training and education among 
healthcare workers are reduced despite the programs created and their cost. Simultaneously, 
creating more attractive environments for training has been developed in the health field to 
improve healthcare workers' knowledge and skills, such as virtual environments for surgeries. 
Despite technological tools and approaches in the health field, creating an educational program 
using technological still lacks. The current study had an objective to develop and integrate an 
occupational health and safety learning methodology based on a technological approach focusing 
on healthcare workers. The design and diagram of the creation were based on the fourth pillar of 





designed program. The platform was based on gamification as an effective method for adopting 
this platform's adaptation and valuation as a prevention learning tool. The design of this virtual 
learning system aims to stimulate knowledge acquisition with a more dynamic teaching process. 
The prototype's initial evaluation was the context, input, process, and product (CIPP) method, by 
which seven specialists in occupational health and safety and ten in computational systems. The 
results showed that the prototype was highly defined, but more profound modifications of the 
context and process were needed, especially for improving appeal and usefulness (5/7). The 
current study continues to be developed, and future implications will be the integration and use 
among the end user's healthcare workers to determine the usability of the technological approach 
created. 
Keywords: gamification; VLs; healthcare workers; biological agents 
VI.1. Introduction 
Healthcare workers are exposed to different biological pathogens, which implies a risk to their 
health and cost to the system. In this population, the rate of accidents and diseases related to work 
is higher than desired (up to 3.2%)[1–3]. The exposure of these agents depends on a series of 
factors, among which the preventive interventions carried out stand out as a critical point[4]. 
Airborne pathogens and, therefore, chronic respiratory diseases[2,5], such as tuberculosis, are 
highly contagious and have severe effects on the workers' health, such as Mycobacterium 
tuberculosis [6,7], or the sars-covid-2 and posterior sickness Covid-19. The symptoms take time to 
manifest, and the driveway is the airways[5], which allows the worker not to notice the exposure 
after the symptoms start to begin. Several educational plans have been generated and 
implemented to raise awareness among healthcare workers regarding risk and prevention[8,9]; 
simultaneously, organizations and political structures have created prevention policies and 
updated guidelines[10,11].  
Nevertheless, previous studies have highlighted that healthcare workers' training and 
education are reduced despite the programs created and their cost [12,13]. Several studies have 
indicated how the protocols or guidelines seem satisfactory, but healthcare workers continue to 
lack training, knowledge, or inadequate safety culture[14–16]. In this line, different organizations 
like the World Health Organization have stated that one missing resource in the safety culture is 
integrating technical advances[17]. Although at the same, there have been created more attractive 
environments, these have focused on training skills, such as virtual environments for 
surgeries[18,19]. Additionally, the formation and Communication Technologies (ICTs) have 





patients[9,20].  The necessity of adequate ICTs and its potential has been highlighted especially 
in the pandemic, by which ICTs have gained more relevance and functions, such as surveillance 
or monitoring of the sociodemographic conditions,  improving the efficiency of medical 
procedures, or facilitating rapid response in this time of global crises[21,22]. 
Nevertheless, the creation of ICTs for workers needs to have in mind the need of the user and 
their opinion and the correction integration of it the working or learning environment[23]. 
Despite technological tools and approaches in the health field, creating an educational program 
using technological still for improving the knowledge and training of healthcare workers counties 
is lacking[24]. Therefore, the current study had as an objective the development and integration 
of an occupational health and safety learning methodology based on a technological approach 
focusing on healthcare workers via the platform's prototype. 
VI.2. Materials and Methods  
VI.2.1.Design  
The research is an observational traversal study focusing on assessing the first phase before 
developing a web-based platform. The assessment of the web's initial stage was based on the 
results from the analysis data, and previous researches have made regarding new technologies 
as interventions in occupational safety[25–27].  
VI.2.2. Methodological approach and assessment 
The prototype's initial evaluation was based on the context, input, process, and product (CIPP) 
method [28], by which seven specialists in the occupational health and safety, and ten 
computational systems, and engineering professionals carried out.  
According to the CIPP method, developed by Stufflebeam, 2003, the evaluation should 
consider four issues: context, input, process, and product. The initial assessment focused on 
evaluating the technology functionally, and the pedagogical tool was oriented by this method to 
determine by focal groups the area of improvement and preferences of the end-users. It was used 
as a survey to carry out a double study orientated to the professionals from an occupational safety 
or educational background and a to engineering or computational experts.  
VI.2.3. Pilot development of the platform 
The platform's initial design (Figure 1) followed a structure of levels and layers between the 





that moved to the main stage with the platform sections formed by tutorials, galleries, virtual 
laboratories (VLs), and videos.  
 
Figure 1. Flow diragram of the sections and layers 
Each section was confirmed by information and the use of images (Figure 2), although the 
tutorials search for a distinction with the other sections since these tutorials would be focused on 
guidelines, protocols, and legislation. Meanwhile, the gallery, videos, and VLs combined 
information and images and gamification, especially for the VLs (Figure 3), to promote a more 






Figure 2. Main screen with the distion of the sections 
In the gallery's case, the idea is to use a combination of real images, explanations, and further 
information, focusing on instruments, personal protective equipment, and occupational 
measures. The VLs focused on an interactive environment to promote feedback as the user moves 
from each stage and continues into the same training level (Figure 1 and 3). For this purpose, in 
the beginning, it was established to use Genial.ly as the primary system of coding for the 
gamification of the structure, focusing on HTML5. However, as the platform's framing, MySQL, 
PHP, and C. Genial.ly has been used since it an online software based on HTML5 and CakePHP 
that allows the user to create animations and scenes more dynamic, integrative, and interactive, 
and without programming knowledge.  
 





VI.2.4. Instruments and sample 
The survey created was based on the work of Stufflebeam in 2003, divided into five sections. 
The survey was structured in sociodemographic data, background, opinion regarding the 
structure via the flow diagram (Figure 1) or main screen (Figure 3), zones of improvements, and 
evaluation of the web platform's initial structure. The survey was segmented into two depending 
on the volunteer's profile, an engineering or occupational safety background.  
The survey was distributed in the first week of December via Google forms and throw instant 
messenger, although the participants kept in all moment their anonymity, and it was voluntary. 
The survey for the technicians (https://forms.gle/QvFRE7zhEjznc9N7A) and occupational safety 
and teaching professionals (https://forms.gle/chZpUE7W2KtYLeav5).   
VI.3. Results 
The initial assessments showed differences regarding the profile of the focal group, the age, 
and opinion. The volunteers' mean age was 45.28 for occupational safety or teaching professionals 
(O/TP) and 43 years old for the workers with an engineering background (Table 1). From the 
technical side, all of the participants were from an engineering background, 20% from 
informatics, and 20% from an agriculture background. Meanwhile, the professionals were most 
of the lecturers and teachers (57.1%), and 28.6% were occupational safety and health graduates. 
Regarding the years of experience, the technical users had more than ten years (100%), which was 
similar to the professionals with ten years (60%), from two to five years (20%) and the less than 
one or from six to ten years (10% each). 
Table 1. Initial data from the samples 
Variables Technical survey(N=10)   
Professional 
survey(N=7)   
Age  30.0% (20-30 range)  42.9% (40-50 range) 
Sex 80% (Male) 50% (Female and Male) 
Background 
Engineering (100%), 20% 
from informatics 
57.1% (Lectures and 
teaching) 
Experience  
100% (more than ten 
years) 
60% (more than ten 
years) 
 
The professionals and technicians showed several areas of improvement and changes 





background, the area that needs more modification was the section and segmentation in the levels 
(30%) and the thematic (30%), followed by the organization of the resources (20%) and interaction 
between stages (20%). Meanwhile, the professionals indicated how the area with the need for 
significant improvement was the main screen (28.6%), and moderate change was the colors or 
pallet used 28.6%). The technicians indicated that the structure needs further modifications before 
creating the web platform (40%), and the professionals indicated the need for help and the appeal 
of the platform (42.9%).  
The professionals focused on occupational safety and teaching were asked about the rate of 
information and images in tutorials, galleries, videos, and VLs (Table 2). The results showed that 
the more common combination independently of the section was 25% of information and 75% of 
visual content and interactivity, followed by the option of 50 percent of information and visual 
content. Additionally, the less common option was zero percentage of information and all based 
on visual content, being only selected for one participant for the gallery of images and videos.  
Table 2. Opinion regarding the information and images 


























Gallery 14.3% 42.9% 42.9% 0% 0% 
Tutorials 0% 57.1% 28.6% 14.3% 0% 
VLs 0% 57.1% 28.6% 14.3% 0% 
Videos 14.3% 57.1% 14.3% 14.3% 0% 
 
Finally, both the technicians and occupational safety or teaching professionals (O/TP) 
indicated the evaluation of the initially proposed platform (Table 3). Both populations studied 
the main pillars showed differences regarding their opinion, although all participants (N=17) did 
not indicate that the initial platform was really bad design, organize, or created regarding 
functionality or interactivity.  
Table 3. Opinion regarding the initial pilot  
Area  Really bad Bad Normal Pretty good Really good 
Functionality 
0% of TP1 0% of TP1 10% 30 % of TP1 60% of TP1 






0% of TP1 10% of TP1 0% 20 % of TP1 70% of TP1 
0% of O/TP2 0% of O/TP2 28.6% of O/TP2 14.3% of O/TP2 57.1% of O/TP2 
Organization 
0% of TP1 0% of TP1 10% of TP1 30 % of TP1 60% of TP1 
0% of O/TP2 0% of O/TP2 28.6% of O/TP2 14.3% of O/TP2 57.1% of O/TP2 
Interactivity 
0% of TP1 10% of TP1 0% 40 % of TP1 50% of TP1 
0% of O/TP2 0% of O/TP2 28.6% of O/TP2 14.3% of O/TP2 57.1% of O/TP2 
1 Technical professional: TP 
2 Occupational safety or teaching professional: O/TP 
The results regarding the occupational safety or teaching professionals showed the same 
evaluation independently of the section evaluated. This exact evaluation did not occur with the 
technicians whose opinion changed according to the section evaluated, e.g., the design or 
interactivity, defined as bad by 10% of the sample (1 out 7 participants).  
VI.4. Discussion 
The platform's initial pilot was globally well evaluated, although there were differences 
between the opinion from technical and occupational safety or teaching participants. In this sense, 
the engineering volunteers showed that the improvements need to be done regarding the design's 
depth and the interconnection between the section, e.g., tutorials and video.  
This technical approach is similar to previous studies, in which the points to determine 
focused on the links, navigation, and organization[29,30], which diverse from the end-user point 
of view. In the user's case, numerous studies have highlighted that the design and functionality 
are licked to better, and counties use[31–33]. An interesting idea was the help in the VLs and the 
main screen, which could be integrated as constant elements but that the constant feedback 
would be negative for the user and the manager of content [34]. Another aspect that could be 
further developed would be integrating virtual reality (VR), which could allow a more profound 
integration of the trainer in the learning experience. The VR has some advantages against the 
VLs, such as a more appealing experience, a more concise caption of the user's attention, or a 
more integrative environment. In this sense, few researchers have created VR environments to 
increase knowledge and practical skills[35,36]. In this sense, from the technician's point of view, 
the participants indicated integrating a feedback system, e.g., logging or history of the user, 
developing the VR, and using VR headset or sensor for degerming the correct procedures. To 
carry out these changes, some technicians (two of ten) indicated the possibility of carrying out 
two versions for a platform based on VLs and JavaScript, and other based on VR headset and 





Another exciting aspect was that the participants with knowledge in the occupational safety 
or teaching field preferred, in almost all cases, little information and more visual contact and 
interactivity. These results seemed to match with other studies in workers or students, whose 
preference was little information and more training based on visual and interactive approaches 
than relatively constant information[37,38]. Additionally, because of the impossibility of training 
in a controlled environment and the platform's presence, virtual learning seems to be more 
attractive to the end-user, as it has been showing with social media[39] and how the participants 
also indicated that it needs improvement. Despite the area of improvements and differences 
between samples, the participants' opinion indicated that the platform's initial prototype was 
well described and evaluated, which could be useful in the future. As with any research, the 
present study has limitations, being the main one that the focus groups were limited and from a 
range of age higher than desired. As future research, the next step will be developing the platform 
using the data provided from the participants to create a more dynamic structure and 
organization, providing a help element and more feedback via activities and gamification. To 
achieve the future objective, the platform would be developed to collaborate with professionals 
from the area of engineering, occupational safety, and the teaching field.  
VI.5. Conclusions 
The results showed that the prototype was highly defined, but more profound modifications 
of the context and process were needed, especially for improving appeal and usefulness. The 
current study continues to be developed, and future implications will be the integration and use 
among end-user groups of healthcare workers to determine the usability of the technological 
approach created.  
References 
1.  Kimman, T.G.; Smit, E.; Klein, M.R. Evidence-based biosafety: a review of the principles 
and effectiveness of  microbiological containment measures. Clin Microbiol Rev 2008, 21, 403–425, 
doi:10.1128/CMR.00014-08. 
2.  Takayanagi, Noboru Biological agents and respiratory infections: Causative mechanisms 






3.  Carvalho, D.C. de; Rocha, J.C. da; Gimenes, M.C. de A.; Santos, E.C.; Valim, M.D. Work 
incidents with biological material in the nursing team of a hospital in Mid-Western Brazil. Escola 
Anna Nery 2017, 22. 
4.  Tagliani, E.; Anthony, R.; Kohl, T.A.; de Neeling, A.; Nikolayevskyy, V.; Ködmön, C.; 
Maurer, F.P.; Niemann, S.; van Soolingen, D.; van der Werf, MJ; et al. use of a Whole Genome 
Sequencing-based approach for Mycobacterium tuberculosis surveillance in Europe in 2017–
2019: an ECDC pilot study. Eur Respir J 2020, 2002272, doi:10.1183/13993003.02272-2020. 
5.  Aliabadi, A.A.; Rogak, S.N.; Bartlett, K.H.; Green, SI. Preventing Airborne Disease 
Transmission: Review of Methods for Ventilation Design in Health Care Facilities. Advances in 
Preventive Medicine 2011, 2011, 124064, doi:10.4061/2011/124064. 
6.  Bonville, C.; Domachowske, J. Tuberculosis. In Vaccines: A Clinical Overview and Practical 
Guide; Domachowske, J., Suryadevara, M., Eds.; Springer International Publishing: Cham, 2021; 
pp. 363–372 ISBN 978-3-030-58414-6. 
7.  Hatherill, M.; White, R.G.; Hawn, T.R. Clinical Development of New TB Vaccines: Recent 
Advances and Next Steps. Frontiers in Microbiology 2020, 10, 3154, doi:10.3389/fmicb.2019.03154. 
8.  Centers for Disease Control and Prevention (CDC) Plan to combat extensively drug-
resistant tuberculosis: recommendations of the  Federal Tuberculosis Task Force. MMWR Recomm 
Rep 2009, 58, 1–43. 
9.  Bianchini, A.; Donini, F.; Pellegrini, M.; Saccani, C. An innovative methodology for 
measuring the effective implementation of an Occupational Health and Safety Management 
System in the European Union. Saf. Sci. 2017, 92, 26–33, doi:10.1016/j.ssci.2016.09.012. 
10.  Beggs, C.B.; Kerr, K.G.; Donnelly, J.K.; Sleigh, P.A.; Mara, D.D.; Cairns, G. An engineering 
approach to the control of Mycobacterium tuberculosis and other airborne pathogens: a UK 
hospital based pilot study. Trans Roy Soc Trop Med Hyg 2000, 94, 141–146, doi:10.1016/S0035-
9203(00)90250-5. 
11.  McDiarmid, M.A.; Condon, M. Organizational Safety Culture/Climate and Worker 
Compliance With Hazardous Drug Guidelines: Lessons From The Blood-Borne Pathogen 





12.  Boucaut, R.; Knobben, L. Occupational health and safety incidents at a university school 
of nursing: A retrospective, descriptive appraisal. Nurse Education in Practice 2020, 44, 102776, 
doi:10.1016/j.nepr.2020.102776. 
13.  Rusu-Zagar, G.; Iorga, I.; Anghel, SO; Rusu-Zagar, C. Occupational Safety and Health in 
National Education. Procedia - Social and Behavioral Sciences 2013, 92, 832–837, 
doi:10.1016/j.sbspro.2013.08.762. 
14.  Giménez-Marín, A.; Rivas-Ruiz, F.; García-Raja, A.M.; Venta-Obaya, R.; Fusté-Ventosa, 
M.; Caballé-Martín, I.; Benítez-Estevez, A.; Quinteiro-García, A.I.; Bedini, J.L.; León-Justel, A.; et 
al. Assessment of patient safety culture in clinical laboratories in the Spanish National Health 
System. Biochem Medica 2015, 25, 363–376, doi:10.11613/bm.2015.036. 
15.  Kim, Y.; Park, J.; Park, M. Creating a Culture of Prevention in Occupational Safety and 
Health Practice. Saf Health Work 2016, 7, 89–96, doi:10.1016/j.shaw.2016.02.002. 
16.  Arcanjo, RVG; Christovam, B.P.; Souza, N.V.D. de O.; Silvino, Z.R.; Da Costa, T.F. 
Knowledge and practices of nursing workers on occupational risks in primary health care: an 
intervention trial. Enfermería Global 2018, 17, 200, doi:10.6018/eglobal.17.3.294821. 
17.  Wilburn, S.Q.; Eijkemans, G. Preventing Needlestick Injuries among Healthcare Workers: 
A WHO-ICN Collaboration. null 2004, 10, 451–456, doi:10.1179/oeh.2004.10.4.451. 
18.  Button, D.; Harrington, A.; Belan, I. E-learning & information communication technology 
(ICT) in nursing education: A  review of the literature. Nurse Educ Today 2014, 34, 1311–1323, 
doi:10.1016/j.nedt.2013.05.002. 
19.  E. Mattila; J. Koskelo; R. Lappalainen; J. Salminen; P. Nyman; J. Lahteenmaki; T. Leino; I. 
Korhonen A Concept for ICT Assisted Health Promotion in the Occupational Healthcare. In 
Proceedings of the 2007 29th Annual International Conference of the IEEE Engineering in 
Medicine and Biology Society; 2007; pp. 1786–1789. 
20.  Nacke, B.; Beintner, I.; Görlich, D.; Vollert, B.; Schmidt-Hantke, J.; Hütter, K.; Taylor, C.B.; 
Jacobi, C. everyBody–Tailored online health promotion and eating disorder prevention for 






21.  Li, J.; Seale, H.; Ray, P.; Wang, Q.; Yang, P.; Li, S.; Zhang, Y.; MacIntyre, C.R. e-Health 
preparedness assessment in the context of an influenza pandemic: a qualitative study in China. 
BMJ Open 2013, 3, e002293, doi:10.1136/bmjopen-2012-002293. 
22.  Thilakarathne, N.N.; Kagita, M.K.; Reddy, T.; Maddikunta, P.K.R. The Adoption of ICT 
Powered Healthcare Technologies towards Managing Global Pandemics. Cornell University 2020, 
20. 
23.  Rubio-Romero, J.C.; Arquillos, A.; Suárez-Cebador, M.; Carrillo-Castrillo, J. Information 
and Communication Technologies (ICT) in Occupational Health and Safety (OHS) courses at 
engineering under/degree studies. In Occupational Safety and Hygiene; CRC Press, 2014; pp. 49–52 
ISBN 978-1-138-00144-2. 
24.  Deuffic-Burban, S.; Delarocque-Astagneau, E.; Abiteboul, D.; Bouvet, E.; Yazdanpanah, 
Y. Blood-borne viruses in health care workers: Prevention and management. J Clin Virol. 2011, 52, 
4–10, doi:10.1016/j.jcv.2011.05.016. 
25.  Bennett, M.P.; Lovan, S.; Hager, K.; Canonica, L.; Taylor, B. A one hour teaching 
intervention can improve end-of-life care. Nurs Educ Today 2018, 67, 93–99, 
doi:10.1016/j.nedt.2018.05.010. 
26.  Yu, K.; C. Pope, S.; Perez, M. Clinical Treatment and Practice Recommendations for 
Disordered Eating in Asian Americans. Prof Psychol-Res Pr 2019, doi:10.1037/pro0000244. 
27.  Amry, AB The impact of whatsapp mobile social learning on the achievement and 
attitudes of female students compared with face to face learning in the classroom. European 
Scientific Journal 2014, 10, 116–136. 
28.  Stufflebeam, D.L. The CIPP Model for Evaluation. In International Handbook of Educational 
Evaluation; Kellaghan, T., Stufflebeam, D.L., Eds.; Springer Netherlands: Dordrecht, 2003; pp. 31–
62 ISBN 978-94-010-0309-4. 
29.  Limosani, R.; Esposito, R.; Manzi, A.; Teti, G.; Cavallo, F.; Dario, P. Robotic delivery 
service in combined outdoor–indoor environments: technical analysis and user evaluation. 
Robotics and Autonomous Systems 2018, 103, 56–67, doi:10.1016/j.robot.2018.02.001. 
30.  Simões, J.; Redondo, R.D.; Vilas, A.F. A social gamification framework for a K-6 learning 





31.  da Rocha Seixas, L.; Gomes, A.S.; de Melo Filho, IJ Effectiveness of gamification in the 
engagement of students. Comput Hum Behav 2016, 58, 48–63, doi:10.1016/j.chb.2015.11.021. 
32.  Barisone, M.; Bagnasco, A.; Aleo, G.; Catania, G.; Bona, M.; Gabriele Scaglia, S.; Zanini, 
M.; Timmins, F.; Sasso, L. The effectiveness of web-based learning in supporting the development 
of nursing students’ practical skills during clinical placements: A qualitative study. Nurse Educ 
Pract 2019, 37, 56–61, doi:10.1016/j.nepr.2019.02.009. 
33.  Anwar, M.M.; Liu, C.; Li, J. Discovering and tracking query oriented active online social 
groups in dynamic information network. World Wide Web 2019, 22, 1819–1854, doi:10.1007/s11280-
018-0627-5. 
34.  Bahn, S.; Barratt-Pugh, L. Emerging Issues of Health and Safety Training Delivery in 
Australia: Quality and Transferability. Procedia - Social and Behavioral Sciences 2012, 62, 213–222, 
doi:10.1016/j.sbspro.2012.09.035. 
35.  Jara, C.A.; Candelas, F.A.; Torres, F.; Dormido, S.; Esquembre, F.; Reinoso, O. Real-time 
collaboration of virtual laboratories through the Internet. Comput Educ 2009, 52, 126–140, 
doi:10.1016/j.compedu.2008.07.007. 
36.  Nykänen, M.; Puro, V.; Tiikkaja, M.; Kannisto, H.; Lantto, E.; Simpura, F.; Uusitalo, J.; 
Lukander, K.; Räsänen, T.; Teperi, A.-M. Evaluation of the efficacy of a virtual reality-based safety 
training and human factors training method: study protocol for a randomised-controlled trial. Inj 
Prev 2020, 26, 360–369, doi:10.1136/injuryprev-2019-043304. 
37.  Floyde, A.; Lawson, G.; Shalloe, S.; Eastgate, R.; D’Cruz, M. The design and 
implementation of knowledge management systems and e-learning for improved occupational 
health and safety in small to medium sized enterprises. Safety Science 2013, 60, 69–76, 
doi:10.1016/j.ssci.2013.06.012. 
38.  Corvino, A.; Garzillo, E.; Arena, P.; Cioffi, A.; Monaco, M.G.L.; Lamberti, M. Augmented 
Reality for Health and Safety Training Program Among Healthcare Workers: An Attempt at a 
Critical Review of the Literature. In Proceedings of the Proceedings of the 1st International 
Conference on Human Systems Engineering and Design (IHSED2018): Future Trends and 





39.  Vaterlaus, J.M.; Patten, E.V.; Roche, C.; Young, J.A. #Gettinghealthy: The perceived 

























The first main result of this thesis has been the study of the tendency of publication regarding 
ICTs, occupational safety and health in the healthcare sector, especially the relationship with the 
safety among healthcare workers. From this chapter, it can be concluded the increasing number 
of publications about. This analysis has showed more connexions between countries and authors 
in researching in the health field prevention and screening, although it seems that the most 
significant development of ICTs for this field is yet to come. Additionally, the results have 
highlighted the need for more studies focused on ICTs’ negative effect on healthcare workers.  
From the following chapter, it can be concluded the relationship between measures at work in 
the mycobacteriology laboratories, knowledge, experience, personal protective equipment, and 
training is insufficient. This chapter of the thesis reflects the dilemma or dichotomy in the current 
laboratories, comparing the national with international, lacked training, the amount of work, and 
how the workers followed the relevant protocols. This chapter reflected that the behaviours and 
hygiene of the Spanish workers remain unsafe and poor compared to those of other European 
workers. Although in both among Spanish and international workers, in Europe, North America 
and South America, the exposure to airborne pathogens may be related to the lack of continuous 
training and education.  
From the comparison of the protocols between Spain and Germany, both countries have 
committed to establishing tuberculosis prevention guidelines in order to achieve the objectives 
proposed by the WHO at the global level, coinciding in the notification of cases, 
chemoprophylaxis and treatment of latent tuberculosis. They also agree on diagnostic methods, 
whose objective is to reduce the number of cases and help patients in the event of a possible 
infection, individualized assessment and subsequent follow-up to confirm the diagnosis in 
people in risky circumstances derived from socioeconomic conditions, homeless, children from 
countries with a high incidence of TB in adoption or migration processes. The two nations share 
common actions in patient education, the search for the best treatments and the care of patients 
and their families by a multidisciplinary team training, work overload and the way in which 
workers followed the relevant protocols. 
Our findings suggest that in order to reduce the prevalence of tuberculosis and the risk among 
workers, greater compliance with the regulations on safety and health at work, monitoring of 






The next chapter showed the efficacy of educational programs focused on a technological 
approach. The new teaching methodologies based on ICT as a mixed model improve the culture 
and knowledge of prevention among students and future health professionals. The evaluation of 
the platform showed that the opinion of the users on the inclusion of this educational approach 
based on technology was satisfactory. Subsequent analysis of basic knowledge and of the 
incidence of biological accidents have shown the potential of the platform as a useful and practical 
preventive tool for specialization and of the different healthcare professionals how this approach 
could also use it for their ongoing training. Subsequent analysis of basic knowledge and of the 
incidence of biological accidents have shown the potential of the platform as a useful and practical 
preventive tool for specialization and of the different professional categories that participate in 
the laboratories; They could also use it for their ongoing training. Based on the results, it could 
be concluded that it is necessary to include the use of ICTs in occupational health and safety, as 
well as specific protocols or technological tools.  
Therefore, the last chapter was the assessment of initial version of a platform via technicians and 
professionals from the OSH and teaching sector. The platform has been designed to include 
different segments, such as a Virtual Laboratory (LV), using a gamification via Genial.ly. This 
platform has as final purpose the creation of a virtual online learning experience for improving 
knowledge of the risks of exposed workers, as well as the main control and prevention measures 
for pathogens. The assessment of the initial protype showed areas of improvements regarding 
the organization and a more appealing appearance, although most of the participants indicated 
that the different areas, such as organization or design, indicated that was good or really good. 
The evaluation of the platform showed that the opinion of the users on the initial platform 
focusing on an educational and technological approach seemed satisfactory. In this sense, the 
different educational platforms seem to be useful to young people to train, for the working place 
and wellbeing. 
 
VII.2. Future research  
More work will need to be done to determine the grade of inclusion or usage of ICTs for 
occupational health and safety among healthcare workers and organizations. In this sense, the 
future studies will expand research about the effectiveness of the platform in development, for 
the reduction of risk exposures and preventing workplace accidents. Investigate these new 
interactive learning methodologies and choose different guidelines that integrate gamification, 





One the objectives initially, proposed regarding the measurement of ventilation necessary for 
certain exposures in spaces such as laboratories, primary care consultations or emergency centres, 
it will be the subject of future research since with the Covid-19 pandemic has limited the 
accomplishment of this objective. Finally, to complete the objectives proposed in the thesis, the 



























Existe un número creciente de publicaciones sobre las TIC, la seguridad y la salud ocupacional 
en el sector sanitario, aunque parece que el desarrollo más significativo de las TIC para este 
campo está aún por venir.  Los resultados de un análisis bibliométrico han puesto de manifiesto 
la necesidad de realizar más estudios centrados en el efecto negativo de las TIC en los trabajadores 
de la salud.  
 
Los comportamientos y las medidas higiénicas de los trabajadores españoles siguen siendo 
inseguros y pobres en comparación con los de otros trabajadores europeos. Aunque tanto en los 
trabajadores españoles como en los de otros países europeos, de América del Norte y América 
del Sur, los riesgos derivados de la exposición a los patógenos transmitidos por el aire pueden 
estar relacionados con la falta de formación y educación continua. 
 
Para reducir el riesgo entre los trabajadores, es necesario un mayor cumplimiento de las normas 
de seguridad y salud en el trabajo, la vigilancia de las medidas preventivas y la realización de 
más investigaciones centradas en la supervisión de dichas medidas.  
 
Alemania y España comparten acciones comunes en la educación del paciente, la búsqueda de 
los mejores tratamientos y el cuidado de los pacientes y sus familias por un equipo 
multidisciplinar. También coinciden en la importancia de la formación, evitar sobrecarga de 
trabajo y la forma en que los trabajadores siguieron los protocolos pertinentes. 
 
Las nuevas metodologías de enseñanza, basadas en las TIC como modelo mixto, mejoran la 
cultura y el conocimiento de la prevención entre los estudiantes y los futuros profesionales de la 
salud. 
 
Se ha diseñado la versión inicial de un Laboratorio Virtual (LV) en una plataforma que incluye 
diferentes escenarios de exposición a agentes biológicos, y tiene el propósito de crear una 
experiencia virtual de aprendizaje en línea para mejorar el conocimiento de los riesgos de los 
trabajadores expuestos, así como las principales medidas de control y prevención de los 
patógenos. La evaluación de la plataforma mostró que la opinión de los usuarios sobre la 






X.2. Futuras investigaciones 
 
Hay que seguir trabajando para determinar el grado de inclusión o utilización de las TIC para la 
salud y la seguridad en el trabajo entre los trabajadores y las organizaciones de atención de la 
salud. En este sentido, los futuros estudios ampliarán la investigación sobre la eficacia de la 
plataforma en desarrollo, para la reducción de la exposición a riesgos y la prevención de 
accidentes laborales. Asimismo, se investigarán estas nuevas metodologías de aprendizaje 
interactivo y se elegirán diferentes pautas que integren la gamificación, la realidad virtual y la 
inteligencia artificial. 
 
Uno de los objetivos inicialmente propuestos en relación con la medida de la ventilación necesaria 
para determinadas exposiciones en espacios como laboratorios, consultas de atención primaria o 
centros de emergencia, será objeto de futuras investigaciones, ya que con la pandemia de Covid-
19 se ha limitado el cumplimiento de este objetivo.  
 
Por último, para completar los objetivos propuestos en la tesis, los capítulos no publicados están 
en proceso de revisión o en fase inicial de aceptación y se publicarán como artículos o 






















Das erste Hauptergebnis dieser Arbeit war die Untersuchung des Publikationstrends in Bezug 
auf IKT, Sicherheit und Gesundheit am Arbeitsplatz im Gesundheitssektor, insbesondere die 
Beziehung zur Sicherheit der Beschäftigten im Gesundheitswesen. Aus diesem Kapitel lässt sich 
die wachsende Zahl von Publikationen zu diesem Thema schließen. Diese Analyse hat mehr 
Verbindungen zwischen Ländern und Autoren in der Forschung im Bereich Gesundheit, 
Prävention und Screening aufgezeigt, obwohl es scheint, dass die wichtigste Entwicklung der 
IKT für diesen Bereich noch aussteht. Darüber hinaus haben die Ergebnisse gezeigt, dass mehr 
Studien erforderlich sind, die sich auf die negativen Auswirkungen der IKT auf das 
Gesundheitspersonal konzentrieren.  
 
Das folgende Kapitel zeigt, dass der Zusammenhang zwischen Maßnahmen bei der Arbeit in 
mykobakteriologischen Laboratorien, Wissen, Erfahrung, persönlicher Schutzausrüstung und 
Ausbildung unzureichend ist. Dieses Kapitel der Dissertation reflektiert das Dilemma oder die 
Dichotomie in den heutigen Laboratorien und vergleicht das nationale mit dem internationalen, 
den Mangel an Ausbildung, den Arbeitsaufwand und die Art und Weise, wie die Arbeiter die 
entsprechenden Protokolle befolgten. Dieses Kapitel spiegelt wider, dass das Verhalten und die 
Hygiene der spanischen Arbeitnehmer im Vergleich zu anderen europäischen Arbeitnehmern 
immer noch unsicher und schlecht ist. Obwohl sowohl spanische als auch internationale 
Arbeitnehmer in Europa, Nord- und Südamerika einer Belastung durch luftübertragene 
Krankheitserreger ausgesetzt sind, kann dies mit einem Mangel an Aus- und Weiterbildung 
zusammenhängen.  
Als Ergebnis des Vergleichs der Protokolle zwischen Spanien und Deutschland haben sich beide 
Länder verpflichtet, Richtlinien für die Tuberkulose-Prävention zu erstellen, um die von der 
WHO vorgeschlagenen Ziele auf globaler Ebene zu erreichen, die sich in der Meldung von Fällen, 
der Chemoprophylaxe und der Behandlung der latenten Tuberkulose decken. Sie einigen sich 
auch auf diagnostische Methoden, die darauf abzielen, die Zahl der Fälle zu reduzieren und den 
Patienten im Falle einer möglichen Infektion zu helfen, auf eine individualisierte Beurteilung und 
anschließende Nachsorge, um die Diagnose bei Personen zu bestätigen, die aufgrund 
sozioökonomischer Bedingungen, Obdachlosigkeit, Kindern aus Ländern mit einer hohen 
Tuberkulose-Inzidenz im Prozess der Adoption oder Migration gefährdet sind. Die beiden 
Nationen haben gemeinsame Aktionen in der Patientenaufklärung, der Suche nach den besten 





Team, der Ausbildung, der Arbeitsüberlastung und der Art und Weise, wie die Mitarbeiter die 
entsprechenden Protokolle befolgten. 
 
Unsere Ergebnisse deuten darauf hin, dass zur Senkung der Tuberkulose-Prävalenz und des 
Tuberkulose-Risikos unter den Arbeitnehmern eine stärkere Einhaltung der Normen für 
Sicherheit und Gesundheitsschutz am Arbeitsplatz, die Überwachung von Präventivmaßnahmen 
und mehr Forschung zur Überwachung dieser Maßnahmen erforderlich sind.  
 
Das folgende Kapitel zeigte die Wirksamkeit von Bildungsprogrammen, die sich auf einen 
technologischen Ansatz konzentrieren. Neue Lehrmethoden, die auf IKT als gemischtes Modell 
basieren, verbessern die Präventionskultur und das Präventionswissen unter Studenten und 
zukünftigen Gesundheitsfachleuten. Die Evaluierung der Plattform zeigte, dass die Meinung der 
Nutzer über die Einbeziehung dieses technologiebasierten Bildungsansatzes zufriedenstellend 
war. Die anschliessende Analyse des Grundlagenwissens und der Inzidenz biologischer Unfälle 
hat das Potenzial der Plattform als nützliches und praktisches Präventionsinstrument für die 
Spezialisierung und der verschiedenen Gesundheitsfachleute aufgezeigt, wie dieser Ansatz auch 
für ihre Weiterbildung genutzt werden könnte.  
Aus den Ergebnissen konnte geschlossen werden, dass es notwendig ist, den Einsatz von IKT im 
Bereich Gesundheit und Sicherheit am Arbeitsplatz sowie spezifische Protokolle oder 
technologische Werkzeuge einzubeziehen. Daher war das letzte Kapitel die erste Version einer 
Plattform: Die Plattform wurde so konzipiert, dass sie verschiedene Segmente umfasst, wie z.B. 
ein Virtuelles Labor (VL). Diese Plattform hat den Zweck, eine virtuelle Erfahrung des Online-
Lernens zu schaffen, um das Wissen über die Risiken der exponierten Arbeitnehmer sowie über 
die wichtigsten Maßnahmen zur Kontrolle und Prävention der Krankheitserreger zu verbessern. 
Die Evaluierung der Plattform zeigte, dass die Meinung der Nutzer über die Einbeziehung dieses 
technologiebasierten Bildungsansatzes zufriedenstellend war. Weitere Analysen des 
Grundlagenwissens und der Inzidenz von biologischen Unfällen haben das Potenzial der 
Plattform als nützliches und praktisches Präventionsinstrument für die in den Labors beteiligten 
Fach- und Berufsgruppen aufgezeigt; sie könnten es auch für ihre Weiterbildung nutzen. 
In diesem Sinne scheinen die verschiedenen Bildungsplattformen für die Ausbildung von 









Es sind weitere Arbeiten erforderlich, um den Grad der Einbeziehung oder Nutzung von IKT für 
Gesundheit und Sicherheit am Arbeitsplatz bei Arbeitnehmern und Gesundheitsorganisationen 
zu bestimmen. In dieser Hinsicht werden künftige Studien die Forschung über die Wirksamkeit 
der in Entwicklung befindlichen Plattform zur Verringerung der Risikoexposition und zur 
Verhütung von Arbeitsunfällen ausweiten. Diese neuen interaktiven Lernmethoden werden 
ebenfalls erforscht, und es werden verschiedene Richtlinien ausgewählt, die Gamifizierung, 
virtuelle Realität und künstliche Intelligenz integrieren. 
 
Eines der ursprünglich vorgeschlagenen Ziele in Bezug auf die Messung der Belüftung, die für 
bestimmte Expositionen in Räumen wie Labors, Primärversorgungssprechstunden oder 
Notfallzentren erforderlich ist, wird das Thema zukünftiger Forschung sein, da mit der Covid-
19-Pandemie die Erfüllung dieses Zwecks eingeschränkt wurde.  
 
Zur Vervollständigung der in der Dissertation vorgeschlagenen Ziele werden schließlich die 
unveröffentlichten Kapitel überarbeitet und als Papiere oder Konferenzdokumente 
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